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Abstract of TW 475938 (B) 

The present invention provides a process for the production of a conjugated diene polymer having a 
controlled microstructure at a high polymerization activity in the presence of a metallocene type complex 
of compound of transition metal of the group V of the Periodic Table. A novel catalyst is provided 
comprising (A) a metallocene type complex of a transition metal of the group V of the periodic table (B) 
an ionic compound of a non-coordinating anion and a cation, (C) an organic metal compound of the 
groups I to III and (D) water, wherein the molar ratio of (C)/(D) is from 0.66 to 5.; A novel process for the 
production of a conjugated diene polymer is also provided, which comprises the polymerization of a 
conjugated diene compound in the presence of a catalyst comprising (A) a metallocene type complex of 
a transition metal of the group V of the periodic table, (B) an ionic compound of a non-coordinating anion 



i, (C) an organic metal compound of the groups I to III and (D) water, wherein the molar ratio 
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Claims: 

1. A catalyst comprising (A) a metallocene type complex of a transition metal of the 
group V of the Periodic Table, which is a compound represented by the following 
general formula: 

RMX 3 • L a 

wherein R represents a cyclopentadienyl group, a substituted cyclopentadienyl 
group, an indenyl group, a substituted indenyl group, a fluorenyl group or a 
substituted fluorenyl group; M represents a compound of the group V transition 
metal; X represents a hydrogen atom, a halogen atom, a C N2 o hydrocarbon group, 
an alkoxyl group or an amino group; L represents a Lewis base; and a represents 0, 
1 or 2; or which is a compound represented by the following general formula: 
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wherein R represents a cyclopentadienyl group, a substituted cyclopentadienyl 
group, an indenyl group, a substituted indenyl group, a fluorenyl group or a 
substituted fluorenyl group; M represents a compound of the group V transition 
metal; L represents a Lewis base; and a represents 0, 1 or 2; 

(B) an ionic compound of a non-coordinating anion and a cation, wherein the 
non-coordinating anion is selected from the group composed of tetra(phenyl)borate, 
tetra(fluorophenyl)borate, tetrakis(difluorophenyl)borate, 
tetrakis(trifluorophenyl)borate, tetrakis(tetrafluorophenyl)borate, tetrakis(penta 
fluorophenyl)borate, tetrakis(tetrafluoromethylphenyl)borate, 
tetrakis(3 ,5-bistrifluoromethylphenyl)borate, tetra(tolyl)borate, tetra(xyly l)borate, 
triphenyl(pentafluorophenyl)borate, tris(pentafluorophenyl)(phenyl)borate, 
tridecahydride-7,8-dicarbaundecaborate, tetrafluoroborate, and 
hexafluorophosphate; the non-coordinating cation is selected from the group 
composed of carbonium cation, oxonium cation, ammonium cation, phosphonium 
cation, cycloheptatrienyl cation, and ferrocenium cation containing transition 
metal; 

(C) an organic metal compound of an element of the groups I to III of the Periodic 
Table, which is selected from the group composed of organic aluminum compound, 
organic lithium compound, organic magnesium compound, organic zinc compound, 
and organic boron compound; 

(D) water; 

wherein the molar ratio of (C)/(D) is from 0.66 to 5. 

2. The catalyst according to any one of Claims 1, wherein said transition metal of the 
group V of the Periodic table is vanadium. 

3. The catalyst according to any one of Claims 1, wherein said element of the groups I 
to III of the Periodic table is aluminum. 

4. A process for the preparation of a conjugated diene polymer, which comprises 
polymerizing a conjugated diene compound in the presence of a catalyst defined in 
any one of Claims 1 . 

5. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in the 
presence of hydrogen. 

6. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is carried out by 
bulk polymerization. 

7. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in an 
aromatic compound as a solvent. 

8. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in an 
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aliphatic compound as a solvent. 

9. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in 
2-butene as a solvent. 

10. The process for the preparation of a conjugated diene polymer according to any 
one of Claims 4, wherein said conjugated diene compound is a conjugated diene 
compound mainly composed of butadiene. 

1 l.The process for the preparation of a conjugated diene polymer according to Claim 
10, wherein said organic metal compound of the groups I to III of the Periodic table 
(C) and said water (D) have previously been allowed to come in contact with each 
other. 

12. The process for the preparation of a conjugated diene polymer according to Claim 
1 0, wherein said molar ratio of (C)/(D) is from 0.7 to 1 .5 . 

13. The process for the preparation of a conjugated diene polymer according to Claim 
10, wherein the polymerization is preceded by the contact with a catalyst 
component at a temperature of not higher than 40°C for 1 to 60 minutes. 

14. A polybutadiene obtained by the process for the preparation of a conjugated diene 
polymer according to Claim 10, wherein the content of 1,2-structure unit, 
cis-l,4-structure unit and trans- 1 ,4-structure unit in the butadiene monomer unit are 
from 4 to 30 mol%, from 65 to 95 mol% and not more than 5 mol%, respectively, 
and the ratio (T cp /MLi +4 ) of toluene solution viscosity (T cp ) to Mooney viscosity at 
100°C (ML 1+4 ) is from 2 to 6. 
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The present invention provides a process for the 

production of a conjugated diene polymer having a 

controlled microstructure at a high polymerization 

activity in the presence of a metallocene type 

complex of compound of transition metal of the 

group V of the Periodic Table. A novel catalyst 

is provided comprising (A) a metallocene type 

complex of a transition metal of the group V of 

the Periodic Table, (B) an ionic compound of a 

non-coordinating anion and a cation, (C) an 
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organic metal compound of the groups I to III and 
(D) water, wherein the molar ratio of (C)/(D) is 
from 0.66 to 5. A novel process for the 
production of a conjugated diene polymer is also 
provided, which comprises the polymerization of a 
conjugated diene compound in the presence of a 
catalyst comprising (A) a metallocene type complex 
of a transition metal of the group V of the 
Periodic Table, (B) an ionic compound of a 
non-coordinating anion and a cation, (C) an 
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f If ° it ^C,. 20 lltttl^f I I * A 

^ f I f «U I T I • 

«;«,&*.#£fcie,#¥li*'* z* jr. * * Ul * ^ jr. I 
iTU - ^ftl^^ft^u^AI.1 * e. JR. * - * JR. 

i >2-aaiA^ftf hi • 

Kl^#t«a^^-f IKI » - L|i|&-J|^| 
® I • 

fc*& + *x&**.«L£**fi.£* - it * ^ ' 

^ * * # * * ¥ I ' Z, I * T I * ¥ JR. I * Z* JR, I * ■=- ¥ 

IKH-Liii • 
l h m % i & * & * « £ i & ^ & $ & % & K> & & - % 
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i » &WtflW (9) 

^ to • t£ 4b to ^ # 5t #J & & 6£ - SI * S3 > J& » m * 
«L * ~ * % # « - StAT^ttH-fb^* • 

NR* £ 5 JK 1- • R' *C,.„ • C,_ 25 « -ft & 4- & & 

* * * ft * ' £ - t & * j&jLT^* e, A ' f AAfA 

& ^2-^^-2-ft & A^^-5.3,4-^- f 1^ 

& ° C,. Z5 *&4i*fe«e,^*^r^H4i^^.«**»2.f4. 
f ^ «& & • 



(1) 


RM • L a 


(2) 


R n MX 2 . n • L a 


(3) 


R„MX 3 . n • L a 


(4) 


RMX 3 • L a 


(5) 


RM(0)X 2 • L a 


(6) 


R n MX 3 . n (NR' ) 



& tM 4 ft, > 1H *> ' RV ■ L a • RVX • L a - R 2 V ■ L a - RVX Z - L a 
■ RVX 3 • L 3 - RV(0)X 2 ■ RV ( NR' )X 2 • & 4b & & + 

% m,4b & to -toW -L a ^RVX 3 • L a • 

* RM X 3 4t 4b ^ ^ 4l # & M & ft T ?'J 4b & to ( i ) 3. 
( xv i ) : 

( i ) J= II 4b Jf ft — M 
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i*#fltwi (10) 

^^a-fbf&if^^-^M > =. & 4b £ & 3f # — «FL * J= a 

-H.*.4b(^&*/fc-;|tf4t)*i » =.|Ub(l,l-— 

~ *f M > ^a^b(3-^^)Jf^-#^l * ^ a lb(3 - ? ;& 
-3- * il a 4b( -=- <L &) a* /£ ^- In il 

JL a 'fb 1 , 2 - - - Jf*. ft *f # — # 41 £>] & & =- a 4b ( 1 , 2 - - 

^ ^.ft.-fb(l-2,4t-2-f**A-#*) 
In ' J= a 4b ( 1- «p 46.-2- m £ m A - * 4t) In » := ft -fbCl - f 

i-2- = iuna-^Difi » =. a -fb c i , 2- *c =l 

f&f^a*)3»A — #A)<R, > ■H.tUb(l-?&-2-£(.= 
f&f^^&)f^Jf^-^^.)M> iL ft 4b(l~ ? &-2 - # 
& m # — tf> & ) In - =-a4b(.l-f:&-2-?£&Jt# — # 
In - J^.H 4b( 1- T &-2-C2, 6 - - ? & * &) $ # - ** & ) 
#L - Ai^ft4b(l-T;g.-2-T£.3£;£^^ i &)#i • 
(iib)=.|L^bl,3-— -*^3*A — 

=. a ^b i , 3 - - - if*. ^ $ # ^ ^ #l 4i & & =. a ^ ( i , 3 - ~ 

7&&#-**&)ln > ^.*.-fb(l-Z,&-3-f*.«A — 
In * ^ILft(l-T&-3-p5&4&/£— » =. JBL -ft C 1 - 7 
&-3-=.f&f^^^3S^-^^)lFL > = a 4b(l, 3- *( i= 
T&T#*fc&)a*/X-:ft&)*Fi > =-a-fb(l-?&-3--^(=. 
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£--®mm do 

T&f^«&)T*3t/R^#4t)^ * =L|Ub(l-?&-3-A 
* * * - # 4t) * ^.|L'fb(l-f4t-3-f*4fe3»A-#4l.) 
M - =. A 4b(l- f *-3-(2, 6--f***)*A-*4fc) 
<& * A ^ a 4b(l- T &-3- f&3*^^-^&)^ - 
(iii)=.ft.-fbl,2,3-=.-^^3»/S^#*i 

=- a -fbl, 2, 3- J= - ^ 3t A - *- W & & =- a 4b(l , 2, 

3- =. f & K £ m . 

( i v ) =. a 4b 1 , 2 , 4- =L- 4c -ft H & — ^ M 

=.iL^bl,2,4-a.-3pi-ft3»ArL*HR,4L« a & =. & 4b ( 1 , 2 , 

4- = f - 

(v)w*.-ft4L=.|L^b4lA — 

w*-ft4L=.|L^b*A-^lFL4L^ & ^ a 4b ( 1, 2, 3, 4- 
w f & m & - *) *l • A =. a 4b(l , 2, 3, 4- us & 5. 3% A - 

( v i ) i Jfr. ^ 4^ _= a lb «| ;£ — *$ ft 

35. ft J= a # — itf ft. *J & # J= a 4b ( J£ f iH/J 
- &) ft > =. a -ftC 1 , 2, 3, 4- E9 

ft) & ii a 4bl- f &-2, 3, 4, 5- E? £ & *t /£-=-*$&) ft - 

(vii)=.a^blj5&M 

( v i i i ) & ^ 4i =. a 4b eft & ft 

&#.ft*.-=a4bgp&ft,4H*] & 4* -H- a 4b ( 2 - f & ep & ) ft 
&^.a^b(2-=.f*f^*E4tlp4t)<n • 
( i x ) & & a & Jfc 4^ 4b ^ 4fr ( i ) S. ( v i i i ) t a & * #r # *- # 
6$ A * - SfHilJLgfjt 
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JL»MttW (12) 

-***iiE.(*i5*Ub4fr) ' - THiL^b3»*-#*i * a ft if 

&) * a.ft^/fc-ttln^CSLjR,*) - -JLft*#-***i* 
& & ' $-H.T*.Ji|lft*ft;Xjij**i^ &£^~Hft?t/£ 
— ft « 

(x) J| * ft ft 4fe( i ) ix) t A*^/»rft4f 4fljft^# 

(xi) fefRi^^Jli^ ft 

ft ^4&4Lfr]&#^|Ub(#^T&S& 

(xi i) n f & ^. ^ ft ^ #Kxi ) t a ^ ^ ?t & ^ - f & ft ft 

(xiii) #;&* 1 &$iftft^&(xi) tl^^^r#^n|{b 
* — fii JR. ft ft ^ to 

(xiv) || T**ft#JLftft^*(xiii)/9f#4Lft^4fr 

(xv) Ha«4t*ftft^4fe(i)i(viii) t IL # flf 4* » 
& ft ft ^ #j 

m » — «4taje)*i * j* # ~ *$*.(=. « 

a ft $ /£ - ^ &( it- 4 ^ & a ® ) la * H ft *f & ~ & ( £ 

- SL 4- & i& & ) & , — t,ftJf^ — ^^(-C^S&^)^FL » - 
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A'OTtHU (13) 

ft. -fb 41 A - # A( * * K) *i * — a 4b Jf A ~ *( it 
# 1. s& ) la »(=.f*f^*E4t3»A-i**)(-S.« — z** 

m m ) ia '( = f if = n-^^n 

la * |ft(£f IfJ^if ^ -jt|i)(f 

la ^ ft. ^b(=f4tf^«E*3tA-***)( 
la » ft.'fbC^.flf^^&^^^^&X^-JE.-^^.aJK) 
la - — ft.^b(^.f*f^«fc4t4E/X-=-#*)( — Z*4t»«) 
la - — ft.-fb(=.f*f^«t*4l/JL^.#*)(*fl'^*)*lA 

— &-fb(=.f&f^tt;4t4t*-#*.)(iL + *aJBf)*i ° 
(xx)H f**.-ft-fb-§-4fe(xv) tiL/S^mW^f^-fb-fb^* 

& RM . • L a It ^ ^ 4b ^ 4l # £ &te3»#~**&( &) 
la > f *) la - * # j$ &( f la ' *f, A 

- ^ ■ it( f & ia > * fk - ** *( * f * *) & * m. & - 

' 3» A j=. ^ &( M) la » 3» * ^ # *( *L » f 

& m. A - # &( *) la - 1 , 3- - f * & A - n A( *) *l » 1- 

&( *) la - l,2-«(=.f4tf^«fc*)3tA-**(*)«i » 

la ^ 2- f & Sp la >2- = f 1?^^Iep4(I)M * 

15 &( *) la - 3% j% z- n # & &)( ^ f & m) la * * A ~ 
'**&(4tT&)(=.T£.*)a. ^ Jl^^-^&(l,4-r-^*^ 
Ti)( = f ^ 3»A^-J**(l,l,4,4-w*4t#T 
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i * (14) 

& > */£-**£.(2,3-— ¥&#t&)(.h.T 
**) ft, * m. A - * A (2, 4- # e. *)( =. T *i » ^ A 

* R„ MX 2 . n •L a (&tn = l)£^4L4b^4fc4L#&0.J&&*:£ 
£te<7-£4*Kteftll£* • * # * *» *. * ft & * • * 
*» T & * * & » 3 ****** = T*f*ftjt*.*.£.T 

* * J§£ * £ - 

■ ft*. & ~ 1% & 2. ft M & J# £.4pHe 2 Si • -fiif | > 

ii & * ° 

' riBA * R n MX 2 .„ • L a 4t 7F -fb ^ ^ t 4L fit # ft ^ & to 0tf 

& & t tt 4 'J £ ± & *» & * - $ * # £ « > A » J§£ > SS 

© * $ > K * a as •£jfc#»4fcftt&4fe#***?t*t 
* R n MX 2 . n • L a ( & tn = l)^^4L'fb^^^#^0.J&^a^. 

^^&^^)#L * **A-i**(l, 2.- *-=.****&*) 
M, » *.*#-***(=.***)*[, . If ^ - m(E9fii 
■00 & * *(e»J5.i&i&)$i * *4lA-#4t(wlL 

i**)*, * «.(f**Aij**)( B iJ5 i i*ife)* l » *,(1,3-- 
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s-^mttm (is) 

fl*#i*fcl)(rallifcTfc)lFi s JR. C 1 - T |-3- f I ^ /£ 

f^^***-***)(E9&I*'*)<Fl * t,(l, 2- ft( = T I 

T^»*)4LA-**)(b)JS.i*'*)<fi * H(U-S( = f I 
f#ft&)£/Xij*&)(raJ5,ifcifc)ft * & IP l( & ■*) 
ft * l(2-f If » H(2- = f If 

*ep4t)(BjA^«*)*i - fctfiCwIfSfciJOft * if 4 T 
^ft*(4/5ii#*)(» = T*«*)<ii * Aif If «U 
|( us fl^^i<tl)(| = TlKl)M • 

&R n MX 2 . n • L,( * + n = 2)4t*4Hb^#4L#£*| & & ft * 
fx -ft I ft > f ( f It A^^Dlfl - f If 
& ^ft I) ft - f(l,3-if |^^-jtf|)H * f(l-T| 
-3-f AHA-j*Jt)ft * ft( w f I^Aiill)^ v St 
(iflf^i^l)M > ft(Z*&3*/fci**&)ft > ft( JE- 
ft|f/£i*frl)ft - ' f(iT 

H^-^I)M > ^(iTlt^iitDlfl > ft( * i T 
l?/il-*|)M » ft(*iLT&J*/£j=.*lfr&)ft » ft ( 1 - f 
l,IU«^i*|)*i * *(l--f !Sl6|$Ai/t 

dm > t(i--6if i6iia-)iti)M » i( = f i 

f^^ll^i^DM * f(l-if IHLlfAiil 

dm * f(i,2-t(if if «ui)fa-*ii)M » ft 

(1, 3- ft( ^ f I f # *t |) n - ^ |) ia, » gp*3|A-# 
ft >(2-f |Hp|)fa-^M ^(2- = f |f j^IepI) 
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i ■ (16) 

sf — M - ^ Hp ^ M » ft ^ & &i - ep&^&lFL * f ^ ^ 
** & # & *l * - f * T ^ * A - *.)( * 5.'T 4t K 

&) $i * - T4T^*t4(BT4«A-*4.)(*iTA« 

&R n MX 3 _ n ■ L a ( % + n = l)/tf***- ft & * - 

IL^b-fb^**!— H-fb3tA— * — ILftT&st^^-^ 
In »--IL^b(l,3--f4t*A-=-#*)*i » - ft. ft ( 1 - ¥ & 
-3- T * * # — # 4t) *i - ^feft(iflJt^^^^)^i * 

— ft ft( =. V 4t T # *fc * * # - # &) * - - ft. ft(l , 3 - ft 
(iTtT^*E*)*A-»*)*i * - a ft ep ^ £i » -ft 
ft (2- f &ep It) M * - ftft(2-=.T*T#ifc£.Ei54fe)*i * 

— ¥ & ft ft ^ • 

&R n MX 3 _„ •L a &^4Lft^&4L&4fc#]k*Sr&+R&.X&«. 

^ 4fe *> a ft( 9 =. t * aft jffi) - f £.( v' 3 - 4t * - # *) ^ * 

# ft, ■ AHf&*R*b*ft^*tft.*-f-/»f#^f*ft 
ft & $k • 

* R n MX 3 . n • L a *7F4Lft^»4fc^.*fe*j & m ft ft ^ 4fe *o 

— ¥ft. ft */£'-=- **ft * 3t A - ft. - ( £ ft ft. ft « ) ' * A 
-j|^-($£.T^^|j) « — ft ft ?t A - **F ft . ' ¥ ft, ft 

ft m. & - ** ft - * ft ft. a ft Jt * — * ft * * =. t ft, ft ft 3* 
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3L - (17) 

/fc~#ft.-«.:fcftlUb4t#^#ft2l# f^UM^A^Mt^^ 

* R n MX 3 . n •L a £^4L4b^4fc^&4&4*]&#^akJ5£4b-^$7 

lit)) 

ft ■ 

A R n M X 3 . n • L a £ ^ ^ 4b ^ 4^ ^ £ 4& 4*] & # $ ^ #7 4° 

a 4b ft ■ & j=. z* &. m & & & * - & it a - # 

JK))ftiLf&##^4&il~JL4b#¥;S.&#-^ft&il& 
& j* « ^ 4fc • 

*R n MX 3 . n • L a ( & t n = 2) * 4l 4b & 4fc 4i 4*J & & a 4b 4b ^ 

^^a-fb-^^^-j^iFL^ it 4b ^ ( ¥ ^ *f ~ ft ^ a 

4b , 3 - - ¥ £ Jf - 1.) ft ' *Ub£(l-T;&-3-¥£. 

# ~ ft * H 4b ft( jSL f & 4L A - &) ft * H 4b ^ 
(=.f*f^*£*4t/X-*t4t)*i > IL<fbtfc(l,3-*(i=.¥& 

f^^&)^^^^^)ifL > a 4b ~ gp ^ ft * a<b^(2-f 

& ep & ) ft - IL4b1t(2-=.f^f^«£^|p&)|«,iL|L'fb- 
B^AI ¥ & Jfc ^ $ 4b ^ & tll-f^rf-t ¥ & 4b 4b 

&R n MX 3 .„ • L a ( & tn = 2) * ^ ^ 4b ^ *k ^ % 4& 4fJ # ¥ ft 
4b IR A - ^ ft * 4 ^ ft 4b ~ 51 A - $ ft - % B. T ft 4b - 

*A-*<n * * ft 4b — m k — n ft * - st/s^^&c^^ 

Si & ) ft, - - — «||jft)*liL — in*-** 
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JL-Mtft^ (18) 
( -=-- SB. f Bft J©) ft • 

AR n MX 3 _ n • L a ( £ tn = 2) **4L-(b^4fe4L*ifc«fe^*t 

& £( f t? 5 - - *fr & ) # *t IH, > Afi T&Jfi^it 
% 4b & m t a 4 /tf # 4i f & 4b 4b 4fr • 

* RM ( 0 ) X 2 * ^ 4l 4b ^ 4^7 4# & 4*1 fi, # — a 4b & ~ n 
ft. Hi * ~a4bT&3t;£-*$ftft, - -1,^(1,3-^ f 

ft. ft. » -JL4b(l-T&-3-f&J£;fc-:ltf:ai.)ft 
ft * -ft.4b(iLT&.l&/£-*fc&.)ft,ft. » ^|ft(=Hf 
# *E H. m & - » &) a ft - - ft. -fb(l , 3- *( =. ? & f # * 
&)3£#-*fr&)ftft. * ^- a 4b gp ft ft * - ft -fb(2 - f 5. 
en&)*.M ^ - ft.-fb(2-=.f&f^*&&S5*)lt.<n-a.-ft. 
4b $ & ft ft 0 

. * RM ( 0 ) X 2 * tf 4i 4b 4fe * ifc fcj & & H f & #■ ^ it it 
4b & m t ft. % * ft # ^ - f & 4b 4b ^ 4fc ■ 

*RM(0)X 2 4t^4L'fb^4&^&te4*] & # £- t R &X & & 
f^tt*i*ifc#* • ifc ^ 4b ^ 4l & # JMb S& 3£ 4b ^ 

**Bft.'fb(jp^.T*aK)-¥*.( ?7 5 - # ~ ) ft 
*litft.4b(ff=.Tlt»K) — f4t(w f I- t? 5 - 3& /£ — ** 
&) ^ tt. ft ft ' A H f & Jfc. ^ it * lb ^ & t a JSl -f ft ft *- 
f & 4b 4b ^ & • 

ilb # 4b ^ 4fe 41 * 4& 4?'J & & ~ f ft 4b $ A - i* ft <«. * 3 t A 
~*$ftft~(£ftft4b#7) > J£/£~#ftft.~(#'-S-Tft4b 
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i ' &Wf}LW (19) 

%j ) ■ * ~£^4b€;£~*£a&i - f a a 4b « A - ** *, in » 
ifc^4b^^^4*]&#(Jf/% — ^;gO(^~£^ft)^&i » 

— - JE -f @& ft) & *L • 

& R n M X 3 . n ( N R ' )£^4L4b^$7*L#&4*J&:&~&4b3t;£- 

*( f * 3£ ft) M - - & 4b /£ ~ *$ # & £ ft) &l * - 
a 4b ?f * ~ *fr &(2, 6--f * ~ IL 4b a* # 

&)(£&£ ft) £l ft.4b(l,3--T*Ht/X-J**)(*A 
£ ft) &l * ft 4b( 1- T 4.-3- f * 3» A - *)( & & £ ft) 
ft *-ft4b(if&*.R/}c,-*fc;g.)(&&£ft)ft . ~ ft 4b Hp 
£ £ ft ) ft > — A 4b 2- f4.Ep4.(^^.£J3$)^L - & ~ 
a 4b % &( * & 5 ft) la • 

&R n MX 3 _ n (NR' )£^4L4b^^4L&<feWk& & tRAXHI 

• itb * 4b ^ 4fr m tl & ft 4b a ft 4b 

(&&£ft)ft&ft4b(3?=LT&aft)^¥&(Eg f t? 5 - 
Jf & &) # «t( £ & £ ft) ft • & II f ^ ft it * 4b ^ 

fetllf ^frlHf I 4b 4b ^ & • 

&R n MX 3 _ n (NR' ) & Tf: 4l 4b ^ & ^ £ 4& W & % t R' & * A 
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i • &WtlW (20) 

f *? & &. 2- ft & £ o jfc £ ^ ^ ^ ft} & ft £ fl. £ m fl. ^ 

to * a 4b - T 77 5 -m^^^^)^^(^^SI$)iil * 

a lb - f * *( t? 5 - « * .=.# # ft( f * £ ft) Id * a 4b 

a 4b - f E9 f ^ ^ ^ ^ R( f ^ ffi ft) 

to 0 

«) * 4 ^ 4Mb & j% - * In * a^b^t^-^^C^^.^ 

& * «■ ^ 4l & ^-(b) t # # * # §i # m m * n m m * n 
M & ^ & ^ it & & z_ # m & m m ^- 3l w tite w ( & & ) «i m. 

It > ^ ( i. £ & ) g& ^ * ra<f@(.r.a&.£.)^S&!t * rail] 

( =. a £ & ) ^ a& n * ra«(isiL*.&)fl!fli« » n9^(ia 

£ & ) 313 H - rato(ra&T&£&.)*!IStS * E9 #1 ( 3 , 5 - $ 

> m m. a - ^•+a^b#?-7 > 8-n-te.-f-^.^^^ » 

* * It H fir 3fc ^ - «*!*«*-?- > 4ft ft 4fc » * 2. *fc If * * 

&$$$&ft& j ?-^:£i&i£&-jg • 
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Z- « (21) 

- ^ ^ ^ & & 

■f- * ^. C & « l» # * - .=. S & # # »l ^ - ^- ( * T * ) « I* 
N.N-^f^^®^^^^ * N, N- - & * j$ « * * AN, 

«4t)«»*-?-A — • mm m^- & & w 

tite^z&^mm^-kp^&mmm^ - =. c ? £. £ & ) # » 

#*4b^4fo^&te#Jk&:=;fc#^rate(i*l;fc;&)«Sfc 

& & ) S& H 'N,N--f**jffi»w«(3,5-ft=.|Lf** 
W ■ Il,l'--f |f$iE3i(i|^|)itI • 

m • 

$ 4b ^ 4fc 4i #| £g 4b ^ 4fc > # 41 IE 4b ^ * * a ^ 

-ft ^ #7 * #**Mb^4fr&#*flMb'&*4& • /& #K C ) ^ 
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i > (22) 

*t###£4Hb<£4fe*.#Jfc*ie,ft?&4i > T £ A * & 

* #r & 41 *^T&T#ft&4** ft J= f & 

f^a&T&fc-^T&a * ^ & & * - z, & & » - t 

& 4s * =. & 4s * ..=.|L'fbfl»&=.£4k*ii • 

fc%%$k4:M>fc&m^%fcM & ft £ a £ $ i^b#7^a 
4b Z, 41 * lUb T & 4* * 4Mb ^ ¥ & 48 » 1Mb - Z, & 48 * 
JMbte-fZ,£.4sil — |MbZ.&4g - -S.^'fbt^^yi^fb^^ 
^IMb — Z,&4s&JMb'S- + z,&48 - 

# * * # 91 jft ^(C) 4Lia»!*IJ.III^7t*:4L^*^J| 
4b 4fc t 48 4b ^ 4fc . 

ft % # & ^-(C) ^ # $ 48 4b ^ #j 4l # £ & JL ft 
& 4s 4° =. f & 48 > =.^^.4s^=.^T&^s » # A «B i 4b $7 

& 4b — f & 4s - H 4b - Z, & 48 - JMb4£-fZ>l-4Sil-|l 

4bZ,;&4£&4 4bt^4S4b^^*aa4b-r.Z,&48iiIi4b te> 
Z, & 48 « 

llfl C ) ' # -T ft ffl 48 H9 ft • M *M* 48 l>9 ft ' *r ft 

%&%&&ib&!fomta&%]2.te&ffi?iTft£ • 4s ft ^ 

eL ft * it ^(-Al (R* )0-) n * 7F 4l 4& 48 nf ft > & afc JR 48 m 
ft • * + R* * tfC,.,,, A * ' *^#*£-?-A/* 1 ftjft i &J5tp 
* -ft ' m %>n & 0; ^ ■ &£&*4g,;5H04L££-& • * 

R' * * ^C,. ]0 lltin^f I ^ Z, ^ p5 & & 4 T ° 
£ £ C,_ 10 * 4fc t *t £ # * f & -K. Z. £. - 48 Hf ft 4i & # ^ 
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i * (23) 

& 4fc • ^.f4tfeH=.T*<S4La^4fe ° =■ f * & & =. T 

# & & #(A) 4l & 4 ft 3!! «■ ^ « # # A * tfKB) *i & <fb 
^ 4fe ^ * ^ tb & ft £ 1 : 0 . 1 J. 1 : 1 0 > £ ft & 1 : 0 . 2 £ 1 : 5 ° 

# * & #(A) 4L $ #32#£<g*4fr##&# #(C) it *! * 
l£III#fc*^#4l*£4Hb^#:££^*bjfcft*l:().15. 
1:1 00 0 • £ ft : 1 0 JL 1 : 1 0 0 0 • # ft 4 1 : 1 0 JL 1 : 5 0 0 • 

# & # ^ ( C ) Z_ ^ tik & M 4b ^ & n ft & £ ( D ) 41 * 4l g 
4 tb & ft 4 0 . 6 6 3. 5 > £ft&0.7J.1.5#ft^0.8J.1.5 • 

^ i$ £ ^ *1 ^ A ^ £ # £ fg. f .] . <B f- f% _t_ , ^ £ £ 

# « t * m ft fa a ° 

* * 4i ft ^ #/ t ° $ ft - #A^(C)Ai^ft^4fe + • & 
ft«feit*^»A»(A)^A^(B)AiA % ^ 4fe t • 

2)^^#(D)^/&^-(C)*iA«fc^^4i^-*6^^'fb^*j^- 
«*^«^^#J41 % • J*ftUfc*J«#j»/fc#(A) 

-fc jfr' it a ft t ' S£^^4Lii-|fc^^4t^^iFfi^£^^ 
^ fa A - £ ft # ^ ^ £ jg ^ ^ ^ ^ jj- tt ^ ^ Av ^ ^ , 




% 30 I 



i'MUMI (24) 

— **'2-Z,&-l,3-T— ** *2,3-^f&T~^ ^ 2- 
f^.^.^-^ ^ 4- f & ;£ ^ *fc 312, 4- £, ^ ° 

- m A — - 5- # Jtf-2- * * ^ £.1, 5- £> ~ J*( * 
*) - 







ffl 


*• it 


* 




- «. * ^ # ■ 








f 


* £ & f £ • J3t #f *1 ^ i£ £ . T * & 










' -IS *t ^ * *• *t /X *fc ,8. 41 2, *t ' *fr * *> 1 - T ** 




m A 




-2 


- T it Bl A - 2 - T M ' m & ft til ft * * #J 




m >* 




;s 
* 


to • & & 4b & # #] *o — |l f *fc »l,3-T-^i 
#] « 


% 


*r « 






i+fflt ' *P «. * ' «. ffl * 3fc — ** # & * ❖ 




*j *• 














3£ ^ ■ * * ffl **• ^ # B fl ^ ' a T ^ - * e. *t - 




*-2 




T 


3**&£-2-T**4LS£^&#/8#*ffl & ft • 










<& * # t ' £- 4fc — #-fb^4fe"sr-ft^atA4fe^- 




t ^ 















&^^i&500 ^|£^i&**ii£12^£20 o C£tl atm. - H ft 
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(25) 

# * * i§50 * * ^ # * # iftl. 2 # £20 "C &1 atm. • 4* ft 
*0. 00 5 520 36 * 4 #0. 0 00 1 5.0. 48 # £20 °C &1 atm. • 

* & A «t ft *-100 °C 5120 °C • £ ft £-50 °C 5.120 
°C • # ft 4,-50 °C 5100 °C ' * ^ u£ ffl & ft *2 ^ 512 * 

- £ ft & 1 0 £i 5 1 2 >h b£ . # ft * 1 0 ^ « 5. 6 * Bfr • # 
ft Js, 3 0 ^ 4ft 5 6 * $ - 

& & & ^ to & t & & - & m %i ft " lit * . # jt 

A ° & & * £ 4fe t fa & 4 St *, ^ A & Hfk - 

*#W*^*^fflSfeT££-**#l,2-J*#***4 
530% • feft &5 525% - H ft *5 520% > ft & 7 515% • 
1^-1,4-^ tif-^65 59 5% > ft i|,70 5 95% • £ ft & 

70 5.92K A & 5^-1, 4- & & * * * * *t i&5K . ft & * *8 i& 

4.5% ■ # ft *0. 5 54. 0% ^ * T - M - 

- * & Si £ A A *£ 3r ® M ffl ( # & A A tt. * ^ m Sl A 4± ) - 

# ffi # * #| ■ * H « * 1 & 0- tt. ■ * #1 % * 4fr *t 
& #h 41 -f- # • 

. * * £ 3 0 'C T % t flf #J & 4l m # 
ft * [ 7?]^0.15204L^T-=-^»T^^ • 

# & « i£ f #GPC $J & 4l 4 4 ^ ^ ^ ^ 4 & 1 0, 00 0 5 
4, 000, 0 0 0 4l & T ~ • 
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i « &Wtf.W (26) 

*#*#«¥§/*fj&#4LfcT-**« 7f:T cp /ML lt4 tb 4 2 5-6 • 
ft ft 42. 5 JL5 ■ * t £100 °C TT CP 4 f & * ft $4 A . ML 1+4 

* «■ ^ t - 4l f # « «. ft &(T cp ) 420 5.50 0 > ft ft 
430 5.350 • 

*»«-W*T-*^.ri^,*fc &(ML 1+4 ) 410 5.20 0 • ft ft 4 
20 5.100 - 

^ & T ~ 4i ^ ^ t . a $ £30 °C f * + * « 41 ffl 

* ft &( 7? ) ft # 4 0. 1 5.10 • ft ft 4 0. 1 5.5 • 

*t % % T — n ft ft «T ffi # * * 6 41 ttf $ st f • 

&fc^4i.£ttft#£#^ ) }i)-£40TCT&#i£«&;fc^& 
^15-60 . ^ f 41 - &&<&*4i.£&ft#£ft5fcffi£-F 

^ifrik^iS^^Tf 1 ^^*^ • *. # B fl 4i ffi £ ^ sp ft ft. # 

* - & ft & > - n^^^^#4igi^^f^r 

* ^ 8f q it f * 0 0 # & • ft ft 4 * ^ 1 2 0 ^ # • 
£ ft 4 3 0 f> 5. 1 2 0 « • £ m * ^ ^ H * A _L i£ # fL % a SI 

« ^ ^ ' ******* ft. t ir «fe • 

ft £ ^ ft. £ * itb ^40 °C ■ ft ft 4-100 °C 5.40 °C • £ ft 4 
-50 °C 5.40 tT»**fl«jjLfr4*Tir* - # ffi * * a 
S. ^ * _h it # £ n, si u ^ . t H ^ f t ^ ^§ t fe * T 

* & ■ *b *h • ^^^^^^B^itfi-ivit ' ii j£ 4 ffl • 
£ ?I & ^ ^ > ft * * Bf "Sf # £ - & #^^$^^|ft 

ft4&^l^^^ffi4ii±-^^^>^20 o C^l at id. T * 
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i»#WtMli (27) 

^500^^^^^^|i^l2ff • # #J £ £ 2 0 °C ill a t m . T 
0.005 ^20*^4^0.00 0 1 5.0.48^ • 

* # m it - # « t n t &\ *t W ' <a * £ & «t rl $ 'j • 

' * t - n wl m, ** m n m ^-i, 4- & m £740 cm- 1 - «■ 

&^-l,4-&M&£967 cm" 1 A #1, 2- # # £91 1 era" 1 T ^ f 

H^^f i^#i*t# ' * £Mw/Mn 4l tb • * tMw ft ffl 
fc*Z*##ft#*#ff HGPC « ^tf f f Mi^^f • Mn 

ft *t a ^ # t • 

?n-if4:il||ii[ 77 ] #. £ 3 0 °C T ft f & m. t m 
& ■ 

* ^ & H £ #4 & ( ML 1+4 ) • & $ J I S K 6 3 0 0 W %. • 
&^4fc^.f &(T cp ) ft # #2. 28 g%L&fo ^50 

ml f & t - it. £25 °C T * ^JIS Z 8809 it m Jk %\ ® SL 
^^H^Canon Fe nske $ £ tf No . 400 J» * 4fo 4^ f £ * 

«. * it a >>j £ ffij m £ • 

t fo] 1 514 

W4 0 0 ml ( 24 8 g ) 1 , 3 - T - *# * ^ 1 . 5 fh & £ H f*3 ( & t 

s a * ft. a #. ft ) • $ ft. « % & t ° « & * * ( H 2 0 ) a. 
*f t ■ *• * 1 tfr * - jff%g-4fett#30d-tt4lFj&»*. • fit 
ft. • « £20 °C ill atm. T*l«^**$ft*Mt*l£ ^20 0 ml 

III! A|lil>3 ° & £ ' W*1^5F^.tJ»=.Z, 

*fe(U^Jf/nl T^*ft)'AiASl^#+ - 3 It ft ■ # 
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JL > ^rmt^m (28) 

0.8 ml a 4b m. ;% — ^ ln(CpVCl 3 )(0. 00 5 * H ^/ml f £ 
**)*»ASt^* + . & ft j»4 m 1 il 41 w * ( i a * 
&) W fit H(Ph 3 CB(C 6 F 5 ) 4 )(0. 0 025 £ * Jf /ml f £ » *) ^ ^ 
% ^* t - $ ft. A ^ 4fc £ 40 °C T t * ^ - A b£ ffl ' *• * 

* ^ ft ' # # <&■ ^ * ft 42, 6- % = T & n & » ^ 

a ° iiij^ALitwirLxi^ii) . j^ft^ftusasijfc 





H 2 0(D) 


TEA(C) 


TEA/H2O 
(C)/(D) 








mso 


1 


0.12 


0.28 


2.33 


30 


2 


0.12 


0.3 


2.50 


30 


3 


0.12 


0.34 


2.83 


30 


4 


0.12 


0.36 


3.00 


30 




0.29 


0.46 


1.59 


30 




0.29 


0.48 


1.66 


25 


7 


0.29 


0.5 


1.72 


30 


8 


0.29 


0.54 


1.86 


30 


9 


0.4 


0.6 


1.50 


25 


10 


0.4 


0.66 


1.65 


30 


11 


0.4 


0.74 


1.85 


30 


12 


0.68 


0.82 


1.21 


30 j 


13 


0.68 


0.84 


1.24 


30 


14 


0.68 


0.86 


1.26 


30 I 
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3.*&VmW (29) 









(8) 


(g^lI.V.h.) 


1 


37.8 


18,900 


2 


62.9 


31,450 


3 


50.1 


25,050 


4 


33.0 


16,500 


5 


24.0 


12,000 


6 


75.9 


45,540 


7 


53.6 


26,800 


8 


44.5 


22,250 


9 


74.7 


44,820 


10 


69.4 


34,700 


11 


59.5 


29,750 | 


12 


46.1 


23,050 


13 


64.5 


32,250 


14 


58.5 


29,250 
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*3 





r 7? i 




IBB — P- 




1,2- 


1 




88.0 


0.8 


11.2 


9 




88.1 


0.8 


11.1 


J 


9 cn 


88.0 


0.8 


11.2 


J. 
« 


1 . /U 


50. I 


yj. 1 


n.z 


5 


2.12 


88.1 


0.7 


11.2 


6 


2.51 


87.8 


0.8 


11.4 


7 


2.00 


88.0 


0.8 


11.2 


S 8 


1.80 


88.0 


0.8 


11.2 


9 


2.46 


88.6 


0.6 


10.8 


10 


2.24 


88.6 


0.6 


10.8 


i H 


2.10 


88.4 


0.8 


10.8 


12 


2.00 


88.2 


0.6 


11.2 


13 


2.21 


88.0 


0.6 


11.4 


14 


2.15 


87.8 


0.8 


11.4 
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t fr] 1 5 £18 

W30 0 ml f £ * 400 b1**-2-T**A300 ml (186 
g)l,3-T-**&Al.5*|-&ji H ft ( £ t^$l* il^ 
ft) • 1% ft * ft % 4fe - & ft # 7jC(H 2 0) fa A % ^ 4fe t • *» 
* 4 m it • J»a^«j*#30^lt^A*«. • fit ft ' « 2 0 
°C it 1 atm. T H tt> f * flit ft tf j« £ 1 30 m 1 ^ * # H ft. 

Jf/nl T*#*)*i\ft^#t ■ 3 4t ft 1 m 1 . 6 m 1 * A 
^.*&(*.)«l(CpV(C B H B ))(0.005t*'^/ml f A. 
% m + • AS ft # 6 . 4 m 1 = & 4L it E9 #1 ( 51 |L $ & ) H. A 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 $ £ 4 /ml f & » fc) fa A % ^ 4to 
t - $ ft % & 4fe £60 °C T t fa * ^3 0 « ° 

* ^ ft ' # * 4fr ^ * * *2, 6- ~- % =. T & # * Sfr 2, 

A • # M. 4fe & a S| t J-x i£ iit £ ^ - 



*4 





H 2 0 (D) 


TEA (C) 


TEA/H 2 0 
(C)/(D) 










15 


1.0 


2.0 


2.0 


30 


16 


1.3 


2.0 


1.5 


30 


17 


1.6 


2.0 


1.3 


30 1 


18 


1.5 


3.0 


2.0 


30 
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3- * ftrntm (32) 



. — _ _ 





mm 


(g) 


15 


52.5 


16 


46.7 


17 


38.4 


18 


47.9 



S6 



•xmm 


[V] 




ma, 




1,2- 


15 


1.62 


87.9 


1.4 


10.7 


16 


1.54 


88.0 


1.3 


10.7 


17 


1.38 


87.7 


1.4 


10.9 


18 


1.52 


88.0 


1.3 


10.7 



# % m i 5 

" ) m & t ?>j $ # m £ • 
gj £ g ^ 

ft*^-^»#1.0fH,3-T-#*Al.5ff-jfc« If ( & 
t^ltil^^ft) • . m ft * # 4fr • #H**a4T 
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i - (33) 

* ^. * #t + ■ $ ft # a ^ ^, $ #3 0 ^ # # j£ * >& • ft ft 
#4 ffl Ka r i Fischer ffi & *f &!l j& tJc ^ Jr - T — $ t * 

ft ft ^ j£ t — t * * t H i ^ a 4l -sp- j^j 7jc t r-i 4l £ 

* *t * & * * * ° & * & * * ^ S & 4 mg • flc bs £ 
*t £ T ?'J * « t ^TEA/H 2 0 tt % • 
f fo]19 J.23 

#1.0fH f 3-T-#Jt*^^»*^1.5fl-lfc« S rt ( * 
t^SIUI*^) . ft ft « tfr ft # o ft ft w 7 ^ ^ ^ ^ 

«■ t ■ *> £8 /?t * • #30 4* # # * ». • ft 

ft • a £20 °C Al atm. T & « ^ f f >% ft If Al £ ^200 ml 

t*^/nl f***)A»A8t^*t • * # 1 0 to 
\k ■ W2.5 ml =. a 4b $ A - * *i(.CpVCl,)( 0. 005 £ * ^ 
/ml f £ ft) & 10 ml = £ & ^ £g w 1®( i & &)(Ph 3 
CB(C 6 F 5 ) 4 ) ^ m. ft(0. 0 02 5 * * Jf /ml T'***)*^*.^ % 

° *> & 9 #f TP • ft ft at & ft 4 0 °C T * & * 3 0 # 

4ft ° 

* & ft ' »lfn^ti2,6-;-| = Tlf ^S^^LL 

t • ft f f ^ I % &L ft fa 

& ° # J. * & a ^ §i t « jRt * & m ' ft ft & ft n i& ft & 

1T fr] 2 4 J. 2 8 
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5- ' (34) 

#1.0fhl,3-T^;*4l*#^|$&Al.5*t-&,£3Si*j(& 

t4L£*,*nn9i40 - m'&mn & m • & & • « * 20 °c 

Al atm. T HI ^ f 1 ;1 i tf $J £ 4l200 n 1 ^ f # & IL * 

/nl T t • a tk m % ^ $ # 1 0 ^ 4ft 0 

> « & 8 ^/f * ^ ft m #. to a % #7 Ji ft # . ft # 3 0 # 
4ft & ' «. 5 ml =. a *b m. & ~ n 4ft(CpVCl,)(0. 005 £ * 
/ml f £ &1 0 ml =. £ 1. ^ |§ Eg 4B( i a $ &) « ft A 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 £ £ Jf/ml f**fc)##*»A«* 
4fr t ■ *» *. 8 m * ' % & %> 4 0 °C Tfifef ^30^ 

4ft • 

^ ^ ^ 41 :f D ^ i| A 1 4i3 t • $ ft. W & A II ft £ # ff *t - 

w £ 4fe tit a l s$ t « »t ?Rt * ^ & • j»ft*#iaaiifcsjift 

ft foil J. 2 

«. IS * frjl 9 JL23 4l $ /f *T #1 *h * * « tJl, 3- T - *f * 
t ill, 3- T - *fc • W £20 °C &1 atm. Tll^f ft tf 
*l £ ^20 0 ml^ft^lta^Al,3-T-^ft - & £ > 
2.5 ml J= a 4t 3f /X - ^ *t(CpVCl 3 )(0. 005 % * 4/ml f £ 

) & 1 0 inl=.*.it*fiis«(JL|L*-*)flIBftA 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 $ * ^/ml f £ >& *) & # a % ^ 

& t ■ *» * 9 m $ • m & ■ a & 8 m * ^ ft m j=. l & & ( 1 % 

% JF/m 1 f * « «. ) to ^ m & #7 t • ft # 1 0 3> 4t ft ■ 3L ^ & 
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i . & mm (35) 

-&4 0 °C T t & * ^3 0 # «fc • 

^^^^^^^^o^^^t - m & m % m n n a t # • 

*) « # ■ ft ffi t 4*2* 3.28 4 ■ ft#10 ft. ' »2. 5 
nil ^ft*t*#-#*L(CpVCi,)(0.00 5 * * Jfi/ni f 
A10 m-1 * * * » i |L * *) flB ft tt(Ph,CB(C 6 F 5 ) 4 ) 

( 0. 002 5 £ g ^/ml f*.*«)#^*,/^a^4fe + • *» £9 ft 
* ° * ft * * *» a % * 4fe A « # • *» *8 *r * - ft #10 * 
*t ft ' % & m £40 °C T f * | ^30 & & . 

* ^ft ■ * * *2, 6- * = T & ® * & « 

^ ^9 iL10 • 

:7 





H,0 












(ms) ■ 


(ppm) 


(mg) 


i 


10 


14 


4 


2 


20 


25 


5 




30 


34 


4 


4 


40 


43 


3 


5 


50 


54 


4 
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i » WHOM (36) 



8 





Ada 




H 2 0(D) 


TEA (C) 


TEA/H 2 0(C)/(D) 






(mg) 


(ppm) 


08:^:^) 








rP 1 !! '-' 


ZD 


30 


1.66 


1 


1.20 


30 


J,.i [7 J 


Jo 


40 


2.22 


2 


0.90 


30 


^ I7U ^.1 




24 


1.33 


2 


1.50 


30 


17'J 


1 A 

14 


18 


1.00 


2 


2.00 


30 




JO 


40 


2.22 


2 


0.90 


30 ! 


HTM 24 
M t/U ^* 


zo 


30 


1.66 


2 


1.20 


30 




36 


24 


2.22 


2 


0.90 


30 


*M26 


20 


18 


1.33 


2 


1.50 


30 


*M27 


14 


40 


1.00 


2 


2.00 


30 


SM28 


36 


24 


2.22 


2 


0.90 


30 


fch»J i 


20 


24 


1.33 


2 


1.50 


30 




20 


24 


1.33 


2 


1.50 


30 




20 


24 


1.33 


2 


1.50 


30 


ttmu 


20 


24 


1.33 


2 


1.50 


30 




:4 mg 
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i « %wtm (37) 





i9 




ttmsm 








(D)— (C>-(A)-(B) 


168 




(D)— (C)-*(A)— (B) 






(D)->(C)^(A)->(B) 




mm 


(Dh(Ch(Ah(B) 


88 
oo 


MM 23 


(D)^(C)^(B)->(A) 




KM 24 


(C)-^(D)-^(A)^(B) 


18fi 


mm 25 


(C)-(D)-*(A)-»(B) 


152 




(C)-(D)-*(A)-(B) 


118 




(C)-(D)-*(A)-(B) 


96 




(C)-»(D>-(B)-(A) 


138 


fcb«0H i 


(D)-(A)-»(B)-(C) 


5 




(D)->(B)->(A)-(C) 


2 




(C)-(A)-*(B)->(D) 


4 




(C)-(B)-(A)-(D) 


9 
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.5. * ■B-wutq/j (38) 



mmm. 


[7?] 




ma, 




1,2- 


MM 19 


2.71 


87.6 


1.3 


11.1 


KM 20 


2.18 


87.7 


1.2 


11.1 




1.85 


87.7 


1.2 


10.9 




1.57 


87.4 


1.4 


11.2 




1.98 


87.5 


1.6 


10.9 




2.96 


87.2 


1.4 


11.4 


*M25 


2.41 


87.7 


1.1 


11.2 


nm 26 


1.95 


87.8 


1.4 


10.8 


mm 27 


1.71 


87.5 


1.3 


11.2 


IF •Of 


0 1 A 
Z. 10 


87.8 


1.3 


10.9 




0.7 


87.7 


1.2 


11.1 




0.62 








fcbf£0!f3 


0.43 


87.4 


1.3 


11.3 




0.52 









a foj 2 9 J. 3 4 & & frl 5 



= ?&'ik$k% m Pt * ft ft > # * *i 4fe 
«■ - *» * 1 1 m * • #a*4fe«#3o a- . a * 20 

°C Al atm. Tll^lt ft tf g £ ^2 00 m 1 ^ f # & a 
* A % ^ 4& t - Fit ft > W * 1 1 flf tf 41 * • * =. z, & ft ( 1 £ 
l4/ffllU;IjrO*AiU ft ^ . m a ^ ^ ^ # j 0 ^ ^ , 

m\. 6 ml Jl #L 4b $ # ^ # *L(CpVCl 3 )(0. 0 05 * * ^/ml T 
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5- ' (39) 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 « g^/ml f 

#7 ' in £12 flf 7F • ^ ft £40 tTtfe^ ^30 * - 

& fo] 6 

7 ft ffi 2. 5 ml =. a 4h H * — # &t(CpVCl 3 )(0. 0 0 5 £ * 
3t(Ph 3 CB(C 6 F 5 ) 4 )(0. 0 0 2 5 * £ Jf/nl f £ & ) m ft > ft UK 
frj 7 

l& 7 ft ffl 5 ml =L a <fb m. /fc - # &t(CpVCl 3 )(0. 0 0 5 * * 
/ml f * « &20 m\SL&&x&%%wl®( S _% L %&) m $ L g 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 $ £ Jf/ml ? * * jfc) ix . ft jft tb 
& W 5 4^ * & m. * ■ & & & & ft & £12 ° 
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i ' &WtL*R (40) 





■fin ~k 


J — MET 




TEA (C) 


TEA/ H 2 0 (C)/(D) 

J — /My I /< — zi ,u[J Cj ^li 




(me) 


(ddiii) 




(HEMl?) 




KM 29 


6 


10 


0.55 


0 45 


Is. O I 




km 30 


6 


10 


0.55 


0.55 


0 QO 




KM 31 


6 


10 




u.Oj 


1 1 "7 

1.1/ 




KM 32 


6 


10 


0.55 


0.75 


1.35 


30 


KM 33 


6 


10 


0.55 


1.25 


2.25 


30 


KM 34 


6 


10 


0.55 


2 


3.60 


30 


tbWJ5 


6 


10 


0.55 


3.13 


5.64 


30 


tmm e 


6 


10 


0.55 


3.13 


5.64 


30 


tmm 7 


6 


10 


0.55 


3.13 


5.64 


30 



S ^ 7jc "a - S :4 mg 



KM« 




a*® 


KM 29 


(D)^(C)-*(A)-(B) 


108 


KM 30 


(D)-(C)-*(A)-(B) 


139 


KM31 


(D)-*(C)-(A)-(B) 


155 


KM 32 


(D)-»(C)-(A>-(B) 


79 


KM 33 


PHCMBHA) 


34 


KM 34 


(D)->(C)-(A>-(B) 


19 


tmm 5 




6 


ttlSM 6 


(D)-(C)-(A)-(B) 


28 


fcbtfl®! 7 


(D)-(C)->(A)-(B) 


88 
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i ' tiWULW (41) 

£• # in 6 1 q 

34 K n 

1. 0 fh 4130 0 ml f £ ^ 400 ml * 
(184 g) 1, 3- T - ^ 4i £ & # + 

^ % t ' *o ^ 1 3 /s/f ^ - # ft ^ 

«. ° #i n Kar 1 F i s cher fa & tf 34 £ 
#j+ T - m * * ^ * ^ & £ ^ ^ £ j 3 

t 4l 7*. ^ t & JZL =fc ^ ^ ^ A 7jC * ft 

^ * ".^^ • & * * $ &4 mg • #- 
iH 4iTEA/H 2 0 tb ■ 
^ in 3 5 J. 3 7 

1. 0 ff- 4i300 ml f £ ^ 400 ml m A~ 
(184 g) 1, 3- T - n #-& ^ tlji j£ ^ 
£*.*ft.H/*f$c-ft)jRftfc$&4fe # o B 
** ' ^ * 1 4 7F « #%'&4frtt#30g» 
°C iU atm. T # £ ^ f * >lfL % if * £ 

^ ^ % ^ ^ t • Ft ft ■ « * 1 4 m ^ ^ 

£ 4/m 1 T***)inAil^# + - £ 
1.6 ml =. a 4b _ *fc M(CpVCl 3 )(0. 
jg- * ) A 6 . 4 ml=.^^^^E9«(ijR 1 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 $ £ /ml f * 



2- T ft &300 ml 
* «. ^ 1 . 5 fl- & ft S 

a ^ #7 • & $ . # 7% 
m * #30 a- *t # # 

«. 4i 7jc ^ t . FB( & 

o 

fa ft m % • Vim i£FB 
fl& it *. ff * T *| If 



2- T &300 ml 

t ft ' # * ^ ft 

# -ft $ % • « * 2 0 
41130 ml 4i » to A 

4 » # 1 $ 

* # 1 0 4t ft > « 

005 * * 4/ml f * 

£ a 
j& ^ ) # % fa a % ^ 
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2-*&WffLW (42) 

* ^ ft ' **#*«ft2, 6---#=.T*«-*ifr*.Z,S* 
g foJ38 £42 

1.0^- 413 00 ml f £ - 400 ml J>H 5^-2- T &3 0 0 ml 
(184 g) l,3-T-##*^-f-#*^1.5^-ifc«B(*t^ 
se a * & a #r *. ^ ) - ft ft * ft * fl- 0 ft ft > U & 2 0 °C &. 1 
a tin. T # & ^ f ft tf L ft ft E'J £ 4^130 ml ^ ft # ft a £ A T 

• ft ft • jk 41.1 4 /*f * ft , j»=.z,£.<g(i$£jf: 
/ml¥£i&te);&ox&^4fct . >f & ^ ife ^ # 1 0 ^ # • ft * 
14/9f^4iftW**i^jS i ^^tit*# • £ fl£ #30 m ft • 
J»l. 6 ml^a-fb^^,^^ $i(CpVCl 8 )(0. 0 05 £ & 4/ral f 

6. 4 ml = ^^^iiglKil,^^)^ 
(Ph 3 CB(C 6 F s ) 4 )( 0. 002 5 « * */nl f 
# ' *■ * 1 5 m - & & ik 60 °C T f 1 51 ^3 0 ^ 4ft • 

* ^ ft ' »#»**ft2, 6-^-#=.T&#*.Sfr*.Z,l* 

in^^a^#*iAiii t • * & £ n ^ js # # & • m i 

^ A 6 S| t « )X iS ^ ^ ife - ftft&gi$j*EJifcjijfc*|& ■ 

^-^^#^^^^15^16 « 
& fo] 8 

1 . 0 ff- 4i3 0 0 m 1 f £ > 4 0 0 mlJ«^-2-T^H300 ml 
(184 g) l,3-Ti#HtAl.5fHfc*B(*tt4a4il, 




* 49 I 



-2. ' (43) 

flf * ft) ° ft & tit th to ¥t ° a £20 °C Al atm. T & & f 

#*fctt«^4Ll30 ral^iiaa^A^Iit 0 it & ' 
*15 flf 7F 4i 4 . jft =. 6 & |g(l $ £ 4/ m i y ^ j^) ^ A 

a *4fc t - #%4>4fett#10d>ttft ■ #1.6 ml = JLft « A 
- *» *i(CpVCl,)(0. 0 0 5 « X Jf /ml T***)AiA.«^4fr 
t • & ft #6. 4 ml^*&*»rafl(3L|L*:&)flllfcft 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 « # Jp/nl f * *) *, a ft ^ * . 

3 0 # * - ft £ 60 °C T * £-3 0 ^ It • 

' **»***2, 8-i-*=.T*#*B>*.&|JL 
& * 4i ft #7 ^ a J; & t . • m & £ 1 *- M >7 # & • jff A 
« ^ * * 4fe ' ttft*J|i&jftlg7«t.£&tt 0 
^^4iM^7F^^15iL16 - 
fcb ft 9 &. 1 0 

4fc JH t W35 3.37 4ia^«Wlfh*^r4S *J * ^ t 4iFB - 
J»£20°C£.'l atm. T # IE f * flft. fi» if ®\ & 41 1 3 0 ml*.;* 
Jlf ft ft AFB t • It ft ■ #1.6 ml=L|L'fbJfc#.=.**!a 
(CpVCl 3 )( 0. 005$^4/mlf^>g:^)^6.4 ml J=L & £ £i 
w ft * *) « It *(Ph l CB(C B F,) 4 )( 0. 0 0 25 * * Jf /nl f 

* * ) & # *i A ft ^ ^ . £ 1 5 #f- ^ . W ^ 1 4 /^f *. * 

* ^. * IS ( 1 * * Jf /m 1 T ^. * *i ^ a ^ 4fe t • * * # 
10 £ # ft . ft ^ ^ ^ 60 »c T 1T ife * ^30 ^ It • 

* * ft ' *#tt*ft*2,6-^-*.5LT*#*B>*.Z.* 

^ ^ ^ 41 ^ ^ ^ A 1 # t ■ f I 1 E I i; # A <> # J; 
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i. - %twtm (44) 

4fc ^ 6 SI t JX 5t * * & • JRft£#i&afcejfc3fcft* ° 



13 





H 2 0 






FB 






(mg) 


(ppm) 


(mg) 


6 


10 


14 


4 


7 


20 


25 


5 


8 


30 


34 


4 


9 


40 


43 


3 


10 


50 


54 


4 



3&14 





H 2 0 


TEA (C) 


TEA/H 2 0(C)/(D) 
FB cfi^ggJt 


asm 


7j<(mg) 


FB 4j£ 7 Jc 




KM 35 


20 


24 


1.33 


2 


1.50 


30 


KM 36 


14 


18 


1.00 


2 


2.00 


30 


£0937 


20 


24 


1.33 


2 


1.50 


30 


KM 38 


20 


24 


1.33 


2 


1.50 


30 


KM 39 


14 


18 


1.00 


2 


2.00 


30 


KM 40 


10.4 


14.4 


0.80 


2 


2.50 


30 


KM 41 


44 


48 


2.66 


4 


1.50 


30 


KM 42 


32 


36 


2.00 


4 


2.00 


30 


tmm 8 


20 


24 


1.33 


2 


1.50 


30 


fct^M 9 


20 


24 


1.33 


2 


1.50 


30 


fch&M io 


20 


24 


1.33 


2 


1.50 


30 



# 7jc : 4 mg 
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JL *&WitLW (45) 



1 km» 




j^$(g) 


KM 35 


(Dh*(Q->(A)-*(B) 


90 


ATM 36 


(D)->(C)-(A)^(B) 


77 


KM 37 


(D)-(C)-(B)-*(A) 


40 1 


KM 38 


(C)->(D)^(A)^(B) 


110 


KM 39 


(C)-(D)->(A)-*(B) 


93 


KM 40 


(C)-(D)-(A)-(B) 


79 


KM 41 


(Ch(Dh(Ah(B) 


75 


KM 42 


(Q-(D)^(A)-(B) 


67 




(C>-(A)-(B)->(D) 


2 


fcbgiM 9 


(D)-(B>->(A)-(C) 


4 


f£<KM io 


(D)^(A)-(B)-(C) 


9 



KMiSlfc 


in] 








1,2- 


KM 35 


2.01 


87.4 


1.5 


11.1 


KM 36 


1.98 


87.7 


1.3 


11 


KM 37 


1.24 


87.9 


1.2 


10.9 


KM 38 


2.89 


87.7 


1.4 


11 


KM 39 


2.35 


87.7 


1.3 


10.9 


KM 40 


1.96 


87.5 


1.4 


11.1 


KM 41 


1.98 


87.7 


1.3 


11 


KM 42 


1.8 


87.8 


1.4 


10.8 




0.74 


87.6 


1.2 


11.2 


ittstM9 


0.88 


87.6 


1.1 


11.3 


1 ftMio 


0.98 


87.3 


1.4 


11.3 
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(46) _ 

1. 0 fh 4L30 0 ml f £ ^ 40 o ml ;<i 5^-2- T &3 0 0 ml 
(184 g) l,3-T^##*fr*-tf£^l.5f|-ft«8(# + :*. 
iliilJ'ff^ft) • £ & ft ft ft ft • fit ft > # * ^ $7 
# ■ *> 4U7 «f * • #a^4frft#30^# • ja-£20TC&l 
atm. T # £ ^ f * ft tf ad £ 41130 ml 4i * # a JL * A 
FB( * #J+ T - **) t • It ft • £K £17 #r 7F 4l * ■ Hf =. Z, * 
fe(l 4 ^^/ml T t . % -g- ft ft # 1 0 

^ # » £ ft. # 1 0 # 4ft ft • #1.6 mli=|Ubl|t#^***i 
(CpVCl 3 )( 0. 0 0 5 $^4/il f ^^rOl6.4 ml = ^^^i 
sfi(H^I)^ S£ J£(Ph 3 CB(C 6 F 5 ) 4 )(0. 0 0 2 5 * £ Jf/ml f 



& £60 °C T 



* # -g-3 0 # A - 

* ^ ft ' Jft # * & f 2, 6- ~- g JL T & n & Sfr ^ 6 S| 

**ttiS£^<fc^Ai^ t • Jff & a 31 ^ M ts # «t • # A 

to & ^ z, m t a st *t £ ^ «j . &&&4fi&&Bft.£j&$ ° 
^^^.%^7p^^i8^19 - 
^ foj 5 1 ji. 5 4 3l tk & ftl 1 5 

1 . 0 ff 4i3 0 0 ml f ^ > 4 0 0 m 1 m & -2- T # & 3 0 0 ml 

(184 g) 1.3-T-##*^^-j$*Al.5f|-*i8SS(*t^ 
£*.fc«LIL/*f#.ft) ■ M ft ft $4 ft ft . ft , w ^20 °C JSLl 

atm. T #1 & f * sft ft tf ft| £ 4L130 ml4L*#f.&3g-A ^ 
Jft t • fit ft ' « £17 flt * 41 * . #=.Z,4tfe(l**^/Bl 
f***)*»Aft^4fc+ • M- >fc ^ 4fc ft # 1 0 # A ft • £ ft 




« 53 I 



i ' & e imW (47) 

#30^*ft ■ #1.6 ml iL a 4b 3* A ~ ^ in(CpVC 1 3 ) ( 0 . 005 
$ T ^**) A6.4 ml J= £ * * «( i a * &) 

fl8 ft M(Ph 3 CB(C 6 F 5 ) 4 )(0. 0025 $ H J^/ml f * » *) # 4 in 
A & ^ 4& • £ 1 8 #f tt: ■ j£^*^60t Tt«fe*^30^ 

4frfcAZ,i* + #SLaftfc4-4fe . JBR & * # £& ft E7 ifc jfe |t ^ • 
^^4iM^7F^^18&19 ° 




175938 



i ' fttytLBfl (48) 



3117 



KMs^lfc 


H 2 0 


TEA(C) 


TEA/H2O (C)/(D) 


mm 


fin 7. 
7fc(mg) 


"a"M(ppm) 




KM 43 


18 


22 


1.22 


j 


0.82 


30 


KM 44 


16 


20 


1.11 




0.90 


30 


KM 45 


14 


18 


1.00 




1.00 


30 


KM 46 


10 


14 


0.78 




1.29 


30 


KM 47 


8 


12 


0.67 




1.50 


30 


*M 48 


36 


40 


2.22 


2 


0.90 


30 


KM 49 


25 


29 


1.61 


2 


1 24 


30 


KM 50 


20 


24 


1 33 


2 


1 SO 

Uv 




KM 51 


16 


20 


1.11 




0 QO 

v.7v 




KM 52 


14 


18 


1.00 




1.00 


30 


KM 53 


10 


14 


0.78 




1.29 


30 


KM 54 


8 


12 


0.67 




1.50 


30 


tb^Mn 


4 


8 


0.44 




2.25 


30 


KMffl 12 


68 


72 


4.00 


2 


0.50 


30 


ttl!^ 13 


10.4 


14.4 


0.80 


2 


2.50 


30 


tmm 14 


9 


13 


0.72 


2 


2.77 


30 


ttgiM 15 


3.2 


7.2 


0.40 


1 


2.50 


30 



*S ^ 7jc S :4 mg 
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£ - &Wtm (49) 



18 







j»(g) 


KM 43 


(D)->(C)-(A)-(B) 


89 


KM 44 


(D)-(C)-(A)-(B) 


121 


KM 45 


(D)-(C)->(A)-(B) 


126 


KM 46 


(D>-(C)-(A)-(B) 


107 


KM 47 


(DHCHAHB) 


94 


KM 48 


(D)-*(C)->(A)-(B) 


95 


KM 49 


(D>->(C)-(A)-*(B) 


101 


KM 50 


(D)-(C)-(A)->(B) 


88 


KM 51 


(C)-*(D)-*(A)-(B) 


104 


KM 52 


(CHDHAh(B) 


135 


KM 53 


(C)-*(D)->(A)-*(B) 


126 


KM 54 


(C)-(D)-*(A)-(B) 


93 




(DHCHAHB) 


30 


tmm 12 


(D)->(C)->(A)-»(B) 


0 


it&M 13 


(DHCh(Ah(B) 


40 


tt^M 14 


(D)-*(C)-(A)-»(B) 


36 


tmm 15 


(C)->(D)->(A)-(B) 


55 




% 56 I 
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i " ®WfiLW (50) 





[??] 








Tcp+MLi+4 






1,2- 




*M43 


2.22 


87.7 


1.4 


10.9 


30 


81 


2.7 


*#J44 


3.53 


87.8 


1.4 


10.8 








*M45 


3.59 


87.4 


1.6 


11 








KM 46 


2.98 


87.8 


1.4 


10.8 


68 


320 


4.7 


*M47 


2.3 


87.6 


1.3 


11.1 


34 


105 


3.1 


KM 48 


2.46 


87.5 


1.4 


11. 1 


42 


140 


3.3 


KM 49 


2.8 


87.5 


1.5 


11 


60 


230 


3.8 


KM 50 


1.98 


87.7 


1.3 


11 


22 


58 


2.6 


KM 51 


2.99 


87.5 


1.5 


11 


70 


330 


4.7 1 


Mi?!] 52 


3.6 


87.6 


1.4 


11 








KM 53 


2.54 


87^6 


1.3 


11.1 


43 


143 


3.3 


KM 54 


2.32 


87.7 


1.5 


10.8 


35 


105 


3.0 




0.68 


87.6 


1.3 


11.1 
























tt&ffl 13 


1.6 


87.6 


1.5 


10.9 








ttKM 14 


1.54 


87.8 


1.4 


10.9 










1.88 


87.8 


1.3 


10.9 










% 57 I 



(51) 

it fr!55 J-57 

^300 in 1 & - 40 0 n 1 41 ^ -2 - T & 3 0 0 ml T - ^ 
*^2fhA«3Srt(*t4LSH*ft,«.*.^) ■ * # ft * 
4fe • # if • jff 7jc ( H 2 0 ) fa A. % ^ ^ t > *o * 2 0 flf * • & ft 
^ #7 « #30 ^ 4ft • « £20 °C Al atm. T # £ ^ f * * » tf 

* £ 4il 50 ml4lf f A^^ft ^ . jft & - #2 m 1 4i 
1.0£^/fh=.Z,&#g(TEA)4^£>£ifc»l ml 4i5 d& g Jf/ 
ff ^ II 4h *f ^ &i(CpVCl 3 ) 4i f » ft ml =- £ J. 

H(Ph 3 CB(C 6 F 5 ) 4 ) 4i f 

a. a • m ft ft ^ £ £ 3. T ^ * is & ^ - a a £ 

Pai . *> *2o /9f 7F • 4i ft . m fa & ^60 °c • $ ft * «fe 

* ^3 0 ^ 4ft • 

* ^ ft 1 W 6---^=.T^^^S^4i6B|^AAiS 

& *fc J» 4* jL & jft • &#J&#l#*&*#<&"4fc • & ^ 41 & 7F 

^ £21 0 
jr_M5_8 £60 

Rfr 7 IS] fa A.CpVCl 3 APh 3 CB(C 6 F 5 ) 4 Sk ft • ft P.?, * frJ5 5 £ 
5 7 4i 3^ ^ ^ - 

^^4l#^7F^^21 « • 

1T fr]61 A 62 

& T & B?,Ph 3 CB(C 6 F 5 ) 4 ACpVCl 3 t*«Hj5*^4*» aw 
*h • ft a?, * W 5 5 J. 5 7 4i ^ $ # o ^ 4i # ^ 7F ^ ^ 2 1 • 
fcb & fr] 1 6 & 1 8 

l& T & Jffi 4t 2 0 m * t « # & ^ 4i ^ a. A t «fe * ^ ffii £ 
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JL » (52) 

fli * a # > 4fcJR*fcl555. 62 - * ^ ^ * * 

3fr *21 • 



*20 



km« 


TEA 


H 2 0 


TEA/H 2 0 








mmol 


mmol 






vm 




2 


1.33 


1.50 


7JC-* TEA -> V -> B 


1 


I KM 56 


2 


1.33 


1.50 


7jc-^TEA-* V — B 


5 


KM 57 


2 


1.33 


1.50 


7jc->TEA-^ V->B 


20 


KM 58 


2 


1.33 


1.50 


7jc-*TEA-*(V,B) 


1 


KM 59 


2 


1.33 


1.50 


7jc->TEA^(V,B) 


5 


KM 60 


2 


1.33 


1.50 


7jc-* TEA ->(V,B) 


20 


KM 61 


2 


1.33 


1.50 


tK-*tea-*b-> V 


1 


KM 62 


2 


1.33 


1.50 


7jC-*TEA^B — V 


5 


fcblKfll 16 


2 


1.33 


1.50 


7jC-*TEA-* V->B 


0 




2 


1.33 


1.50 


7.R— TEA-*(V,B) 


0 


[ ttmm is 


2 


1.33 


1.50 


7jc-> TEA -»■ B V 


0 




% 59 I 



i ♦ ■SMHttW (53) 



21 



kmsdhs 


(g) 


[7?] 








1,2- 


KM 55 


77 


2.07 


88.0 


1.3 


10.7 


km 56 


86 


2.12 


88.0 


1.3 


10.7 


KM 57 


75 


1.98 


88.1 


1.2 


10.7 


KM 58 


84 


2.13 


88.0 


1.3 


10.7 


KM 59 


79 


2.26 


88.0 


1.3 


10.7 


KM 60 


65 


2.03 


88.1 


1.3 


10.7 


KM 61 


78 


2.00 


87.9 


1.3 


10.8 


KM 62 


68 


1.91 


87.9 


1.3 


10.8 


ttWI 16 


56 


1.86 


87.9 


1.2 


10.9 


tmm 17 


53 


1.59 


87.7 


1.4 


10.9 


fch<KM 18 


26 


1.24 


87.9 


1.2 


10.9 



* J ft U i* # ^ & 46 - ** * ^ & ^ # * 0 

ft # - *t * * ❖ it A ^ * 1 , 2- ft 4* 4L ^ 41 * * # A * 

51 ft * # 91 & #- B3 • & * jtb ft # * t 

■«rifl6£*jR**#"fl^#*i'-a.&B*h * # * ft 

& E=iL & - 
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& 87119271 



ft 



m\7L 



i . - & m « • ti & • 

£ ft * ^ ft 4£? : 



n. g » ^ 4ft ' £ & *° T 



RMX, 



(if 



X H $ -f- " ^ $ -f- "0^20 

± ; a JbO • 1 £2 ; 

**>Tii^,^,*4L^b^*J 



& H & £ & J^jL 



RM 



L * «| $ i Afe ; a & 0 » 1 & 2 ; 
( B ) &^#K#|$#^#l$Jfc^4L#^-ft^4« 
Ift * ft it & & # : ( £ & ) ^ St ft - ( it £ 
w-( .=. IL * A) *B it ft * w( J2- ft flW fit ft * 

I)« tj - E9(.£fL£A)«lfittt » E9 ( H f 

98 & ft > ra(3,5--^=.ftT^.^&)^Stft * w ( 



St ft 



?g(^.f£A)«litft * =. £ A ( 3. ft £ 



* =L(i|L*.A)(*A)«l!*ft * JL + A ft 4ft - 7 

-t- — ^ st n * cgiL^^ft^^a^stft^* 





O:\56\56004.ptc 



* 1 I 



2000.11.16.061 



*Jt 87119271 



ft a 



&&l$tt?<fti&g & & : - & £§ It g£ ^ - & P§ 

- ill I* «e -f * 3»A-=.J*#<»-7-A^*i4SSt*^<.<¥IR 
l» & -f ^ * HI ; 

( C ) it % £ I - 1 1 I m jt % 4l $ & & M 4b to ' 

£ % it I & 4b & * % tfk & 4b & to * * A 

4b ^ 4fe * %m®4b&to&%¥km4b&to*-%® : 

( D ) * ; 

^t(C)/(D)^^^tb^0.66S.5 • 

2. *4Itf# + *|J£ffl*l3|i4L/W# ' *t«t31*l*V*i§ 
£ /I 4? la ° 

3. ***tt**llB-ffl#i**.** • * + tt ai » * I - 1 1 1 

4t * ^ • 





5. 


* 


41 




if * *| II ffl 






■ 




t 




& — 


** 4b ^ 


^^£^4^«£t,#£Ti*MT • 




6. 


* 


* 




if * 




%4%^tffi&fo~-%&frto3Llr 




* 

o 




t 






J* 4b ^ 


to %. 4s* 4t « # ift fr *■ tt * ^ # 




7. 


* 






n $■ 


*'J la SI 






> 


* 


t 




& — 


^ 4b ^ 




\b 




to 


t 


it 


■ft ° 








8. 


* 




t 


* * 


*l 15. 09 


%4%*-tfii&m~'%i&&to4-X 


& 


9 




t 






4b 


to ^ & & ft ft fa & %, & %i z~ m & 
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2000.11.16. 062 



87119271 



A • f «MMH«1| 
ft ^ * t SI ft • -. 

* ' *t&4fc — * ft ^4fc*-fc^#fli & £#£*#] 4l2-T 
** + ifc ft 0 

— * -ft ^ 4to • 

11. ft & f 1 ft- 4 *I & IB ?10^4l*L#*46-^^.^^4l 

* ( d ) e, * it 5i & # « • 

1 2 . ft # f It # #«J la ffl # 1 0 # 4i M. « * *6 ** * ^ * 4l 

* & > #ttt(C)/(D)*.#JfrtiA0.7£1.5 • 

13. **t#**|«l8fflO«^.jtt#**B-*t*^4fe<. 

**l**j&#&«l£60a*ii • 

14. ft#*#*#iaH*10*:^ft##Jtei***<d-4fe4L 

* • *t*A*fc-#*^*4LT-#+l,2-J**JfL 

rt - i«*-1.4-te*#itiLiL*-l,4-##*7b^^*^»J 
& 4 £ 3 0 g ^ % '655.95^^%^^^si§5^^% • if** 
>& IS &(T cp ) # £ *fc £(Mooney viscosity) -£100 °C T 
(ML 1+4 ) 4i tb #J(T CP /ML IH ) &2 £6 • 




x ^ 6004ptc # 3 I 2000.11.16.063 



US006300450B1 
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(57) ABSTRACT 

The present invention provides a process for the production 
of a conjugated diene polymer having a controlled micro- 
structure at a high polymerization activity in the presence of 
a metallocene type complex of compound of transition metal 
of the group V of the Periodic Table. A novel catalyst is 
provided comprising (A) a metallocene type complex of a 
transition metal of the group V of the Periodic Table, (B) an 
ionic compound of a non-coordinaling anion and a cation, 
(C) an organic metal compound of the groups I to III and (D) 
water, wherein the molar ratio of (C)/(D) is from 0.66 to 5. 
A novel process for the production of a conjugated diene 
polymer is also provided, which comprises the polymeriza- 
tion of a conjugated diene compound in the presence of a 
catalyst comprising (A) a metallocene type complex of a 
transition metal of the group V of the Periodic Table, (B) an 
ionic compound of a non-coordinaling anion and a cation, 
(C) an organic metal compound of the groups I to III and (D) 
water, wherein the molar ratio of (C)/(D) is from 0.66 to 5. 
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(1) A catalyst comprising (A) a metallocene type complex metal compound of the groups I to III of the Periodic table 
of a transition metal oi the group V of the Periodic table, (B) (C) and said water (D) have previously been allowed to 
an ionic compound of a non-coordinating anion and a cation, come in contact with each other 

Mo HI°o g fT T w T? n ¥°M nd °f a " e , lement of ^ 8™!* (W) The process for the preparation of a conjugated diene 

Loir 11 „ JA^ C r Tt ( \ W3ter ' WherciD thC 5 P ° lymer aCCOrdin S to Clause 02)' "^rein said molar ratio 
molar ratio of (C)/(D) 1S from 0.66 to 5. of (C)/(p) is from 0.7 to 1.5. 

(2) The catalyst according to Clause (1), wherein said (15) The process for the preparation of a conjugated diene 
metallocene type complex of a transition metal of the group polymer according to Clause (12), wherein the polymeriza- 

V of the Periodic table (A) is a compound represented by the uon is preceded by the contact with catalyst components at 
following general formula: " 10 a temperature of not higher than 40° C. for 1 to 60 minutes. 

L ( 16 ) A polybutadiene obtained by the process for the 

3 ' ' preparation of a conjugated diene polymer according to 

wherein R represents a cyclopentadienyl group, a substituted Pf USe wherein ^ content of 1,2-structure unit, cis- 
cyclopentadienyl group, an indenyl group, a substituted ^structure umt and trans-l,4-structure unit in the butadi- 
indenyl group, a fluorenyl group or a substituted fluorenyl 15 ene , ™ onomer umt m from 4 10 30 mol-%, from 65 to 95 
group; M represents a compound of the group V transition nio'-^ and not more than 5 mol-%, respectively, and the 
metal; X represents a hydrogen atom, a halogen atom, a ?} 10 (T f* 1L '-' of toluene solution viscosity (J cp ) to 

hydrocarbon group, an alkoxyl group or an amino M °° ney v™**** at 100 ° C - ( M U^) is from 2 to 6. 
group; L represents a Lewis base; and a represents 0, 1 or 2. nn nPTAir PH npsrn iP-nriM rue 

(3) The catalyst according to Clause (1), wherein said 20 S^Sl 
metallocene type complex of a transition metal of the group invbhiiun 

V of the Periodic table (A) is a compound represented by the Examples of the metallocene type complex of a com- 
followmg general formula: pound of transition metal of the group V of the Periodic 

25 Table include compounds represented by the following 
* general formulae: 

wherein R represents a cyclopentadienyl group, a substituted ^ , 

cyclopentadienyl group, an indenyl group, a substituted ' * ^0 

indenyl group, a fluorenyl group or a substituted fluorenyl R„MXj„.L„ (2) 
group; M represents a compound of the group V transition 30 

metah L represents a Lewis base; and a represents 0, 1 or 2. K (3) 

(4) The catalyst according to any one of Clauses (1) to (3), rmxj. 

wherein said transition metal of the group V of the Periodic ' ' 

table is vanadium. RM(6jX;,.L,, (5) 

(5) The catalyst according to any one of Clauses (1) to (4), 35 „ 

wherein said element of the groups I to HI of the Periodic ^mx^n^ (6) 

table is aluminum. In the formulae, n represents 1 or 2; and a represents 0, 1 

(t>) A process for the preparation of a conjugated diene or 2. 

polymer, which comprises polymerizing a conjugated diene M represents a transition metal of the group V of the 
compound m the presence of a catalyst defined in any one of 40 Periodic Table. Specific examples of the Transition metal 

J . , include vanadium (V), niobium (Nb), and tantalum (Ta). 

(7) The process tor the preparation of a conjugated diene Preferred among these transition metals is vanadium 

polymer according to Clause (6), wherein the polymcriza- R represents a cyclopentadienyl group, a substituted 

Hon of a conjugated diene compound is effected in the cyclopentadienyl group, an indenyl group, a substituted 

P ™ ™ nydr0g f en - . . « indenyl g'°up, » fluorenyl group or a substituted fluorenyl 

(6) the process for the preparation of a conjugated diene group 

polymer according to Clause (6) or (7), wherein the poly- Examples of substituents on the substituted cyclopenta- 

menzation of a conjugated diene compound is carried out by dienyl group, substituted indenyl group or substituted fluo- 

L P ™ ^ ?' u - , renyl group include a straight-chain ahphatic hydrocarbon 

(9) The process for the preparation of a conjugated diene 50 group or branched aliphatic hydrocarbon group such as 

g t ° J? (6) ° r (?) ' ^ berein ^ P ° ly - metby1 ' ethyl - P ro P y1 ' feo-Ptopyl. n-butyl, iso-bulyl, sec- 
menzation of a conjugated diene compound is effected in an butyl, l-butyl and hexyl, an aromatic hydrocarbon group 

aromatic compound as a solvent. such as phenyl, tolyl, naphthyl and benzyl, and a hydrocar- 

(10) The process for the preparation of a conjugated diene bon group having silicon atom such as trimethylsilvl Fur- 
polymer according to Clause (6) or (7), wherein the poly- 55 ther examples of the substituted cyclopentadienyl group 
menzation of a conjugated diene compound is effected in an include those comprising cyclopentadienyl ring connected 
ahphauc compound as a solvent. to part of X with a crosslinking group such as dLethylsilyl, 

(11) The process for the preparation of a conjugated diene dimethyl methylene, methyl phenyl methylene, diphenyl 
polymer according to Clause (6) or (7), wherein the poly- methylene, ethylene and substituted ethylene 
menzation of a conjugated diene compound is effected in 60 Specific examples of the substituted cyclopentadienyl 

/i-f^ 85 3 S ?' L • emtt P mclude Daeth y 1 cyclopentadienyl group, 1,2-dimethyl 

(1 2) The process for the preparation of a conjugated diene cyclopentadienyl group, 1,3-dimethyl cyclopentadienyl 
polymer according to any one of Clauses (8) to (11), wherein group, l,3-di(t-butyI)cyclopentadienyl group 1 2 3- 
said conjugated diene compound is a conjugated diene trimethyl cyclopentadienyl group, 1,2,3,4-tetramethyl 
compound mainly composed of butadiene. 65 cyclopentadienyl group, pentamethyl cyclopen.adienvl 

(13) The process for the preparation of a conjugated diene group, l-ethyl-2,3,4,5-tetramethyl cyclopentadienyl group 
polymer according to Clause (12), wherein said organic l-benzyl-2,3,4,5-tetramethyl cyclopentadienyl group 
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Examples of tetra-substituted cyclopenladienyl vanadium octylamide)vanadium chloride, (trimeth ylsilyl 

trichlonde include (1,2,3,4-tetramethyl cyclopenladienyl) cyclopentadienyl)(diethylamide)vanadiutn dichloride, 

vanadium trichloride, and (1,2,3,4- (trimethylsilylcyclopentadienyl)(iso-propyUdene)vanadium 

tetraphenylcyclopentadienyl)vanadium trichloride. dichloride and (trimethylsilylcyclopentadienyl)(n- 

(vi) Penta-substituted cyclopenladienyl vanadium trichlo- 5 °ctylamide)vanadium dichloride. 

rit,e (xx) Methylated compounds obtained by substituting 

Examples of penta-substituted cyclopentadienyl vana- chlorine atom in the compounds (xv) by methyl group 

dium trichloride include (pentamethylcyclopenladienyl) Specific examples of the compound represented by 

vanadium trichloride, (l,2,3,4-tetramethyl-5- RM.L a include cyclopentadienyl(benzene)vanadium, 
phenylcyclopentadienyl)vanadium trichloride, and 10 cyclopentadienyl(toluene)vanadium, cyclopentadienyl 

l-methyl-2,3,4,5-tetraphenylcyclopentadienyl)vanadium (xylene)vanadium, cyclopentadienyl(trimethvlbenzene) 

trichloride. vanadium, cyclopentadienyl(hexamethylbenzene) 

(vii) Indenyl vanadium trichloride vanadium, cyclopentadienyl(naphthalene)vanadium, 

(viii) Substituted indenyl vanadium trichloride cyclopentaclienyl(anthracene)vanadium, cyclopentadienyl 
Examples of substituted indenyl vanadium trichloride 15 ( ferroc ? ne ) va nadium, methylcyclopentadienyl (benzene) 

include (2-methylindenyl)vanadium trichloride, and vanad .mm, 1,3-dimethyl cyclopentadienyl(benzene) 
(2-trimethylsilyhndenyI)vanadium trichloride vanadium, l-butyl-3-methyl cyclopentadienyl(benzene) 

(viii) bv alkoxv <rronn vanadium, trimethylsilylcyclopentadienyl(benzene) 

p™iLa • , a ■ *■ , vanadium, l,2-bis(trimethylsilyl)cyclopentadienyl(benzene) 

Examples of these groups include cyclopentadienvl vana- „»„,aa i ■» k-/. • .u i -in , j- 15, ( 

dium tri(tert-butoxide), cyclopentadienyl vanadium J(ist ZSZ" 1 ^?^^ W y 1 ) c 3^ t ^^n«««) 

propoxide),cyclopentadienyiranadium y dimethoxychlori"e, ^™W^^^ 2 ^SZ^T^ 

cyclopentadienyl vanadium duTso-propoxy^hloride, cyclo- 25 £*Xm Z^nvT/h, "T ^ ■ ly h "^^Kbenzene 

pentadienyl vanadium di(tert-buto^hloride, cyclopenta- ^^^T?^^"^ 1 ^* ^ °P entad * n y 

dienyl vanadium di(phenoxy)chloride ; cyclopemadknyl ffi^X^^^^^ ) ^ Md T?* c f °P ei » ad ^yl 

vanadium .^propoxy dichlorLe, cyclopentadLyl vaJ- i^^^ 

SSS3SS dJ ° D ^ pentadienyl vanadium (.Leufylphosphine/vaLdium, WnESSfcltk 

. ' 30 Iet r a phenylbutadiene)(trimethylphosphine)vanadium, 

(x) Methylated compound obtained by substituting chlo- cyclopentadienyl(2,3-dimethylbutadiene) 

nne atom in the compounds (Q to (ix) (trimethylphosphine)vanadium, cyclopentadieayl(2,4- 

(xf) Compounds comprising R's connected to each other hexadiene)(trimethylphosphine)vanadium, cyclopentadi- 

with hydrocarbon group or silyl group enyl tetracarbonyl vanadium, and indenyl tetracarbonyl 

Examples of these compounds, include (t-butylamide) 35 vanadium, 

dimethyl (n s -cyclopentadienyl) silane vanadium dichloride, Specific examples of the compound represented by 

(t-butylamide)dimethyl(trimethyl-T] 5 -cyclopentadienyl) RJVIX^.L,, wherein n is 1 include those having other 

silane vanadium dichloride, (t-butylamidc)diraethyl cr-connecting ligands hydrogen atom, halogen atoms such as 

<tetramethyl-T] s -cyclopentadienyl)silane vanadium dichlo- chlorine, bromine and iodine, hydrocarbon groups such as 

nde - "0 methyl, phenyl, benzyl, neopentyl, trimetylsilyl and 

(xii) Dimethylated compounds obtained by substituting bistrimethylsilylmethyl, hydrocarbon oxy groups such as 
chlorine atom in the compounds (xi) by methyl group methoxy, ethoxy and iso-propoxy or hydrocarbon amino 

(xiii) Monoalkoxylated and dialkoxylated compounds grOUpS SUch 35 dimeth yl a ™in°, diethylamino, di-iso- 
obtained by substituting chlorine atom in the com- P r °Py lam "«> a ° d dioctylamino. 

pounds (xi) by alkoxy group 45 s P ecific examples of the compound represented by 

* \ * * j j l y y 8 P crosslinking group such as Me z Si, dimethylmethylene, 

(xv) Amidated compounds obtained by substituting chlo- metbylphenylmcthylenc, diphenylmethylene, ethylene and 

nne atom m the compounds (i) to (viii) by amide group so substituted ethylene. 

Examples of the amidated compounds include Other examples of ligands which can be incorporated in 

cyclopentadienyl(trisdiethylamide)vanadium, the compound represented by R„MX 2 „.L a include neutral 

cyclopentadienyl(tns-iso-propylamide)vaoadium, Lewis bases such as olefin, diene, aromatic hydrocarbon 

cyclopentadienyl(tris-n-octylamide)vanadium, alkyne, amine, amide, phosphine, ether, ketone and ester' 

cyclopentadienyl(bisdiethylamide)vanadium chloride, 55 Preferred among these ligands are Lewis bases free of active 

cycIopentadienyl(bis-iso-propylamide)vanadium chloride, hydrogen. 

cyclopentadienyl(bis-n-octyIamide)vanadium chloride, Specific examples of the compound represented by 

cyclopentadienyl(diethylamide)vanadium dichloride, RJUX^.L,, wherein n is 1 include chlorocyclopentadienyl 

cyclopentadienyl(iso-propylamide)vanadium dichloride, (tetrahydrofuranjvanadium, chlorocyclopentadienyl 

cyclopentadienyl(n-octylamide)vanadium dichloride, 60 (trimethyphosphine)vanadium, chlorocyclopentadienyl bis 

(tnmethylsilylcyclopentadienyl)(trisdiethylamide)vanadiu (trimethylphosphine)vanadium, chlorocyclopentadienyl 

m, (tnjnethylsJylcyclopentadienyl) (tris-iso-propylamide) (l,2-bisdimethylphospbinoetharie)vanadium 

vanadium (trimethylsilylcyclopentadienyl)(tris-n- chlorocyclopentadienyl(l,2-bisdiphenylphosphinoethane) 

octylamide) vanadium (trimelhylsilyl cyclopentadienyl) vanadium, chlorocyclo pentadienyl(triphenylphosphine) 

(bisdiethylamide) vanadium chloride, 65 vanadium, chlorocyclo pentadienyl(tetrahydrothiophene) 

(tnmethylsilylcyclopentadienyl) (bis-iso-propylamide) vanadium, bromocyclo pentadienyl(tetrahydrofuran) 

vanadium chloride, (tnmethylsilylcyclopentadienyl) (bis-n- vanadium, iodocyclopentadienyl(tetrahydrofuran) 
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drum dichlonde, (l,3-bis(tnmefhyl si!yl)cyclopentadienyl) (toJylimide)vanadium chloride, dimethylbis(tetramethyl-Ti 3 - 

oxo vanadium dichlonde, mdenyloxo vanadium dichlonde, cyclopentadienyI)silane(phenylimide)vanadium chloride 

(2-metnylindenyl)oxo vanadium dichloride, and dimethyl(tetramethyl-r| 5 -cycIopentadienyI)silane 

(2-trimethylsilylindenyl)oxo vanadium dichloride, and fluo- (tolylimide)vanadium chloride, and methylated compounds 

renyloxo vanadmm dichloride. s obtained by substituting chlorine atom in these compounds 

Other examples of the compound represented by RM(0) by methyl group. 

3C, include dimethylated compounds obtained by substitut- Further examples of these compounds include cyclopen- 

rag chlorine atom m the foregoing compounds by methyl tadienyl vanadium(phe D ylimide)dimethoxide, cyclopentadi- 

&0 ~ P '. , r , en y 1 vanadium(phenylimide)di-iso-propoxide, cyclopenta- 

Further examples of the compound represented by RM(0) 10 dienyl va n adium(phenylimide)(iso-propoxy)chloride 

include those wherem R and X are connected to each (cyclopentadienyl)(bisdiethylamide)vanadium 

other with a hydrocarbon or silyl group. Examples of these (phenylimide), and (cycIopentadienyl)(bis-iso-propylamide) 

compounds mclude amidechloride compounds such as vanadium(phenylimide). 

(t-butylamide) dimethyl (r| s -cyclopentadienyl) silaneoxo Examples of the non-coordinating anion constituting the 

vanadium chloride and (t-butylamide)dimethyl(tetramethyl- is ionic compound made of a non-coordinating anion and a 

T] -cyclopentadienyl)silaneoxo vanadium chloride, and cation in the component (B) of the present invention include 

methylated compounds obtained by substituting chlorine tetra(phenyl)borate, tetra(fluorophenyl)borale, tetrakis 

atom in these compounds by methyl group. (difluorophenyl)borate, tetrakis(trifiuorophenyl)borate 

Further examples of these compounds include tetrakis(tetrafiuorophenyl)borate, tetrakis(penta 

cyclopentadienyloxo vanadium dimethoxide, 20 fluorophenyl)borate, tetrakis(tetrafluoromethylphenyl) 

cyclopentadienyloxo vanadium di(iso-propoxide), borate, tetrakis(3,5-bistrinuoromethylphenyl)borate, tetra 

cyclopentadienyloxo vanadium di(tert-butoxide), ' (tolyl)borate telra(xylyl)borate, triphenyl 

cyclopentadienyloxo vanadium diphenoxide, SfT^Tf V% ^nyl) 

F ' borate, tndecahydnde-7,8-dicarbaundecaborate, 

cyclopentadienyloxo vanadium methoxychloride, 25 tetrafluoroborate, and hexafluorophosphate. 

cyclopentadienyloxo vanadium iso-propoxychloride, On the other hand, examples of the cation constituting the 

cyclopentadienyloxo vanadium tert-butoxychloridc, and ' omc com P oun( 3 made of a non-coordinating anion and a 

cyclopentadienyloxo vanadium phenoxychloride ' cation in the component (B) of the present invention include 

Other examples of these compounds include methylated «rt>°nium cation, oxonium cation, ammonium cation, phos- 

compounds obtained by substituting chlorine atom in the 30 P Qomum calIon > cycloheptatnenyl cation, and ferrocenium 

foregoing various compounds by methyl group. cat ' on c ° ctainln g transition metal. 

Examples of these compounds include Specific examples of the carbonium cation include trisub- 

(cyclopentadienyl)(bisdiethylamide)oxo vanadium, *£* m , C f? n ? $U ? h a u s c ^onium 

r™.inn.m.jf.-..,ivi.- J- , ,. catl0n 311(1 tn-substituted phenyl carbonium cation. Specific 

(cyclopentadienylXb^dHso-propylamtde^xo vanadium, 35 examples of the tri-substituted phenylcarbonium cation 

include tri(methylphenyl)carbonium cation, and tris 
(cyclopentadienyl)(bisdi-n-octylamide)oxo vanadium. (dimethyl phenyl)carbonium cation. 

D ^ Clfl ^ X ; 1m . pIes of ,he com P olm d represented by Specific examples of the ammonium cation include tri- 

K n MX 3 _„(NR) include cyclopentadienyl (methylimide) alkyl ammonium cations such as trimethyl ammonium 
vanadium dichlonde, cyclopentadienyl(phenylimide) 40 cation, triethyl ammonium cation, tripropyl ammonium 
vanadium dichloride, cyclopentadienyl(2,6- cation, tri(i-butyl)ammonium cation and tri(n-butyl) 
dimetnylpbenylimide)vanadium dichloride, ammonium cation, N,N-dialkyl anilinium cations such as 
cyclopentadienyl(2,6-di-iso-propyl phenylimide)vanadium NJf-dimethyl anilinium cation, N,N-diethyl anilinium cat- 
dichlonde, (methylcyclopentadienyl)(phenylimide) ion and N,N-2,4,6-pentamethyl anilinium cation, and dialkyl 
vanadium dichloride, (1,3-dimcthyl cyclopentadienyl) 45 ammonium cations such as di(i-propyl)ammonium cation 
(phenyhmidejvanadium dichloride, (l-butyl-3- and dicyclohexyl ammonium cation 
methylcyclopentadienyl)(phenylimide)vanadium Specific examples of the phosphonium cation include 

dichlonde, (pentamelhylcyclopentadienylXphenylimide) triaryl phosphonium cations such as triphenyl phosphonium 
vanadium dichlonde, indenyl(phenyliraide)vanadium cation, tri(methylphenyl)phosphonium cation and tris 
dichlonde, 2-methyhndenyl(phenylimide)vanadium 50 (dimethylpheny])phospbonium cation 
dichlonde, and fluorenyl(phenylimide)vanadium dichloride. " As the foregoing ionic compound there may be preferably 
Other examples of the compound represented by used one comprising in combination components arbitrarily 
R,.MX3- n (NR') include those wherein R and X are con- selected from the group consisting of the fore>roins non- 
nected to each other with a hydrocarbon or silyl group. coordinating anions and cations. ° 
Examples of these compounds include amidechloride com- 55 Preferred examples of the ionic compound include triph- 
pounds such as (t-butylamide)dimethyl(r 1 5 - enylcarbonium tetrakis(pentafluorophenyl)borate, triphenyl- 
cyclopentadienyl)silane(phenylimide)vanadium chloride carbonium tetrakis(3,5-bistrifluoromethylphenyl)borate 
and (t-butylamide)dimethyl(tetramethyl-T 1 5 - triphenylcarbonium tetrakis(fluorophenyl)borate N N- 
cyclopentadienyl)silane(phenylimide)vanadium chloride, dimethylanilium tetrakis(pentafluorophenyl)borate N N- 
apd methylated compounds obtained by substituting chlo- 60 dimethylanilium tetrakis(3,5-bistrifluoromethylphen'yl) 
nne atom m these compounds by methyl group. borate, and l.l'-dimethylferrocenium tetrakis 

Further examples of the compound represented by (pentafluorophenyl)borate. 
R nMX3_„(NR') include those wherein R's are connected to These ionic compounds may be used singly or in corn- 
each other with a hydrocarbon or silyl group. Examples of bination of two or more thereof 

these compounds include imidechloride compounds such as 65 Examples of the organic metal compound of element of 
dimethylbis(r| -cyclopentadienyl)silane(phenylimide) the group I to III of the Periodic Table as the component (C) 
vanadium chlonde,dunethylbis(Ti 5 -cyclopentadienyl>ilane of the present invention include organic aluminum 
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erably from 10 minutes to 12 hours, even more preferably than 40° G, preferably from -100° C to 40° C more 

6hours mmUteS l ° 6 h ° UrS ' PamCUlarly & ° m 30 miDUteS 10 f ™ - 50 ' C *> ^ C If the prepolymerlzaTon 

The material to be polymerized is subjected to polymer- tem P eratur f fa,k omside th « above «nge, the sub- 

ization for a predetermined period of time. If necessary a set I uenl polymerization is effected at a remarkably lowered 

stopper such as alcohol is then added to terminate the acUvitv - Further, polymerization proceeds too far during the 

polymerization. If necessary, the pressure in the polymer- prepolymerization, giving a process problem, 

ization tank is relaxed. The product is then subjected to During the prepolymerization, hydrogen may be present 

post-treatment such as washing and drying. as necessary. The amount of hydrogen to be present in the 

The use of the polymerization process of the present polymerization is preferably not more than 500 mmol or not 

invention makes it possible to produce a polybutadiene more than 12 liter at 20" C. and 1 atm., more preferably not 

S L w content of from 4 to 30%, preferably more than 50 mmol or not more than 1.2 liter at 20° C and 

95%, preferably from 70 to 95%, more preferably from 70 . ^ h "J 1 ' tm - baSed ° n 1 mo1 of the 

to 92%, and a trans-l,4-structure content of not more than is < W d diene 

5%, preferably not more than 4.5%, particularly from 0.5 to present invention will be further described in the 

4.0%. " ' following examples, but the present invention should not be 

If the microstructure falls outside the above defined range, construed as being limited thereto, 

the resulting polymer leaves something to be desired in The microstructure of polybutadiene was analyzed by 

reactivity (graft reactivity or crosslinking reactivity). If used 20 infrared absorption spectroscopy. In some detail the micro- 

as an additive or the like, the polymer gives deteriorated structure of polybutadiene was calculated from the ratio of 

rubber properties, disadvantageous^ affecting the balance absorption intensity at 740 cm" 1 for cis-l,4-structure 967 

fn^r^V^ £Xt r al aPPearanCe - cm " fOT t- n s-l,4-s.ructure and 911 cm- for 1,2-strucmre 

In accordance with the polymerization process of the (vinyl) ™*.iure 

oTSX^^^^ 25 ^ e tr ion °, f molccu ' ar weight thc 

C can be produced 30 rauo of Mw/Mn was determined wherein Mw is weight- 
Further, the use of the polymerization process of the h dete ™ d b ? GPC u wi,h P olv " 
present invention makes it possible to produce a polybuta- M ° * QUmb "- avera S e 
diene having a weight-average molecular weight of from 30 -ru • , • - • •. r i „ , ; 

The polybutadiene produced according to the oresent . Mo ° ne y viscosity (ML 1+4 ) of the polymer was deter- 

invention exhibits a Tcp/ML^ ratio of ffom 2 to 6%£. W ^ f C 
erably from 2.5 to 5 wherein Tcp is toluene solution vis- 35 „ Toluene glutton vtscosity (T ) ot the polymer was 

cosity and ML J+4 is Mooney viscosity at 100° C determined by dissolving 2.28 g oFthe polymer in 50 ml of 

The toluene solution viscosity (Tcp) of the polybutadiene IT*' and .f ub J CCUn S «°luene solution of the polymer 

of the present invention is from 20 to 500, preferably from ; M the .^ COS . Uy "^surement by a Canon Fenske viscometer 

30 to 350 No - 400 US1I) 8 a viscometer-correction standard liquid in 

The Moonery viscosity (ML^) of the polybutadiene of 40 accordance ™ tb JIS Z 8809 al a temperature of 25° C. 
the present invention is from 10 to 200, preferably from 20 

to 100. EXAMPLES 1 TO 14 

The molecular weight of the polybutadiene of the present 

invention is from 0.1 to 10, preferably from 0.1 to 5 as Into a 1-5 llter autodave ' a which the air within had been 

calculated in terms of intrinsic viscosity [ti] determined in 45 re P Iaced bv nitrogen was charged 400 ml (248 g) of 1,3- 

toluene at 30° C. " butadiene. The material was then stirred. To the material was 

These polybutadienes can be preferably used as an impact ^ added wa,er ^2°) as set forth in Table 1. The mixture 

modifier for polystyrene. was th en stirred for 30 minutes to make a solution. 

The monomer to be polymerized is preferably allowed to Subsequently, hydrogen gas was introduced into the auto- 
come in contact with the foregoing catalyst components at a 50 clave in an amount °f 200 ml as determined at 20° C. and 
temperature of 40" C. for 1 to 60 minutes before polymer- latnj . by an integrating mass flow meter. Subsequently, 
ization. In other words, the monomer to be polymerized is trielnvI aluminum (1 mmol/ml toluene solution) was added 
preferably subjected to prepolymerization at a predeter- to . me n)ixture in an amount as set forth in Table 1. After 3 
mined temperature in the presence of the foregoing catalyst. minutes, 0.8 ml of cylopenladienyl vanadium trichloride 
The prepolymerization of the present invention can be 55 ^ VC W ( 0 -0° 5 mmol/ml toluene solution) was added to 
accomplished by gas phase process, slurry process, bulk tne mixtu re. 4 ml of triphenylcarbonium tetrakis 
process or the like. The solid matter obtained in the prepo- 

(pentafluorophenyl)borate (Ph 3 CB(C s F s ) 4 ) (0.0025 mmol/ 

lymerization process may or may not be separated before the m l to,uene solution) was then added to the mixture. The 

subsequent polymerization. mixture was then subjected to polymerization at a tempera- 

The prepolymerization time is normally not more than 60 btte of C for a P eriod of lim e set forth in Table 1. 

600 minutes, preferably not more than 120 minutes, more After polymerization, a mixture of equal part of ethanol 

preferably from 30 seconds to 120 minutes. Tf the prepoly- and heptane containing a small amount of 2;6^i-t-butyl-p- 

menzation t,me falls outside the above defined range, it is cresol was added to the product. The pressure in the auto- 

d^advantageous in that the subsequent polymerization is clave was then relaxed. The product was poured into ethanol 

effected at an insufficient actmty. 6S to pr ecipi late a polymer which was then withdrawn by 

The prepolymerization * effected in the presence of the filtration and dried. The results of polymerization are set 

various catalyst components at a temperature of not higher forth in Tables 2 and 3. 
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10 



the base water content was 4 mg. This value was taken into 
account to calculate TEA/H 2 0 ratio in the following 
examples. 

EXAMPLES 19 TO 23 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of 1,3-butadiene 
through a molecular sieve. The material was then stirred. To 
the material was then added water as set forth in Table 8. The 
mixture was then stirred for 30 minutes to make a solution. 
Subsequently, hydrogen gas was introduced into the buta- 
diene in an amount of 200 ml as determined at 20° C. and 
1 atm. by an integrating mass flow meter. Subsequently, 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 8. After 10 
minutes of stirring, 2.5 ml of cylopentadienyl vanadium 
trichloride (CpVCl 3 ) (0.005 mmol/ml toluene solution) and 
10 ml of triphenylcarbonium tetrakis(pentaf]uorophenyl) 
borate (Ph 3 CB(C s F s ) 4 ) (0.0025 mmol/ml toluene solution) 
were added to the mixture in the order as set forth in Table 
9. The mixture was then subjected to polymerization at a 
temperature of 40° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 30 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 
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EXAMPLES 24 TO 28 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of 1,3-butadiene 
through a molecular sieve. The material was then stirred. 
Subsequently, hydrogen gas was introduced into the buta- 
diene in an amount of 200 ml as determined at 20° C. and 
1 arm. by an integrating mass flow meter. Subsequently, 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 8. The 
mixture was then stirred for 10 minutes. Water was then 
added to the mixture with stirring in an amount set forth in 
Table 8. After 30 minutes of stirring, 2.5 ml of cylopenta- 
dienyl vanadium trichloride (CpVCL,) (0.005 mnol/ml tolu- 
ene solution) and 10 ml of triphenylcarbonium tetrakis 
(pentafluorophenyl)borate (Ph 3 CB(CsF 5 ) 4 ) (0.0025 mmol/ 
ml toluene solution) were added to the mixture in the order 
as set forth in Table 9. The mixture was then subjected to 
polymerization at a temperature of 40° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 

COMPARATIVE EXAMPLES 1 AND 2 

The procedure of Examples 19 to 23 was followed to 
obtain 1 liter of 1,3-butadiene having a controlled 1,3- 



butadiene content. Hydrogen gas was introduced into the 
1,3-butadiene in an amount of 200 ml as determined at 20° 
C. and 1 atm. by an integrating mass flow meter. 
Subsequendy, 2.5 ml of cyclopentadienyl vanadium trichlo- 
ride (CpVCl 3 ) (0.005 mmol/ml toluene solution) and 10 ml 
of triphenylcarbonium tetrakis(pentafluorophenyl)borate 
(Ph3CB(C 6 F s ) 4 ) (0.0025 mmol/ml toluene solution) were 
added to the mixture in the order as set forth in Table 9. To 
the mixture was then added triethyl aluminum (1 mmol/ml 
toluene solution) in an amount as set forth in Table 8. After 
10 minutes of stirring, the mixture was then subjected to 
polymerization at a temperature of 40° C. for 30 minutes. 
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After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
20 clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 

25 



COMPARATIVE EXAMPLES 3 AND 4 



The procedure of Examples 24 to 28 was followed except 
that triethyl aluminum (1 mmol/ml toluene solution) was 
added in an amount as set forth in Table 8. After 10 minutes 
of stirring, 2.5 ml of cyclopentadienyl vanadium trichloride 
(CpVCl 3 ) (0.005 mmol/ml toluene solution) and 10 ml of 
triphenylcarbonium tetrakis(pentafluorophenyl) borate 
(Ph 3 CB(C s F s ) 4 ) (0.0025 mmol/ml toluene solution) were 
added to the mixture in the order as set forth in Table 9. 
Water was tbeD added to the mixture with stirring as set forth 
in Table 8. After 10 minutes of stirring, the mixture was then 
subjected to polymerization at a temperature of 40° C. for 30 
minutes. 
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45 



50 



55 



60 



After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 

TABLE 7 



65 



H,0 






Water content 


Base water 


Reference 


Added water 


in butadiene 


content 


Example No. 


(mg) 


(ppm) 


(mg) 


1 


10 


14 


4 


2 


20 


25 


5 


3 


30 


34 


4 


4 


40 


43 


3 


5 


50 


54 


4 
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TABLE 11 



Example No. 


Added water 
(mg) 


Water 
content in 
butadiene 

(ppm) 


(D) 
(mmol) 


TEA 

(C) 
(mmol) 


TEA/HjO 
(C)/(D) 
(total 
content in 
butadiene) 


Polymeri- 
zation 
time 
(min.) 


Example 29 


6 


10 


0.55 


0.45 


0.81 


30 


Example 30 


6 


10 


0.55 


0.55 


0.99 


30 


Example 31 


6 


10 


0.55 


0.65 


1.17 


30 


Example 32 


6 


10 


0.55 


0.75 


135 


30 


Example 33 


6 


10 


0.55 


1.25 


2.25 


30 


Example 34 


6 


10 


0.55 


2 


3.60 


30 


Comparative Example 5 


6 


10 


0.55 


3.13 


5.64 


30 


Comparative Example 6 


6 


10 


0.55 


3.13 


5.64 


30 


Comparative Example 7 


6 


10 


0.55 


3.13 


5.64 


30 



'Base water content: 4 mg 



TABLE 12 



Example No. Order of addition Yield (g) 



Example 29 (D) — (C) -. (A) — (B) 108 

Example 30 (D) - (C) — (A) — (B) 139 

Example 31 (D) - (C) - (A) - (B) 155 

Example 32 (D) - (C) - (A) - (B) 79 

Example 33 (D) - (C) -> (B) - (A) 34 

Example 34 (D) - (C) -* (A) - (B) 19 

Comparative (D) ->• (C) (A) (B) 6 
Example 5 

Comparative (O) — (C) -> (A) -» (B) 28 
Example 6 

Comparative (D) — (C) -» (A) — (B) 88 
Example 7 



REFERENCE EXAMPLES 6 TO 10 

Firstly, the amount of water content present in a 1.5 liter 
autoclave was measured in accordance with the following 
procedure. 

Measurement Procedure 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The mixture 
was then stirred. Subsequently, water was added to the 
mixture as set forth in Table 1 3. The mixture was then stirred 
for 30 minutes to make a solution. The solution was then 
measured for water content by means of a Karl Fischer 
moisture meter. The results of water content in FB (solvent* 
butadiene) are set forth in Table 13. 

The same procedure as used above was then effected with 
different amounls of water added five limes in total. The base 
water content was then calculated from the difference 
between the foregoing water content in FB and the added 
amount of water averaged over five times. As a result, the 
base water content was 4 mg. This value was taken into 
account to calculate TEA/H 2 0 ratio in the following 
examples. 

EXAMPLES 35 TO 37 

Into a 15 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. To the material was then added water as set 
forth in Table 14. The mixture was then stirred for 30 
minutes to make a solution. Subsequently, hydrogen gas was 



introduced into FB (solvent+butadiene) in an amount of 130 
20 ml as determined at 20° C. and 1 arm. by an integrating mass 
flow meter. Subsequently, triethyl aluminum (1 mmol/ml 
toluene solution) was added to the mixture in an amount as 
set forth in Table 14. After 10 minutes of stirring, 1.6 ml of 
cylopentadienyl vanadium trichloride (CpVCl 3 ) (0.005 
2J mmol/ml toluene solution) and 6.4 ml of triphenylcar- 
bonium tetrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) 
(0.0025 mmol/ml toluene solution) were added to the mix- 
hire in the order as set forth in Table 15. The mixture was 
then subjected to polymerization at a temperature of 60° C. 
for 30 minutes. 
30 £ 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
35 filtration and dried. The results of polymerization are set 
forth in Tables 15 and 16. 

EXAMPLES 38 TO 42 
Into a 1.5 liter autoclave in which the air within had been 

40 replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. Subsequently, hydrogen gas was introduced 
into the butadiene in an amount of 130 ml as determined at 

^ s 20° C. and 1 atm. by an integrating mass flow meter. 
Subsequently, triethyl aluminum (1 mmol/ml toluene 
solution) was added to the mixture in an amount as set forth 
in Table 14. The mixture was then stirred for 10 minutes. 
Water was then added to the mixture with stirring in an 
amount set forth in Table 14. After 30 minutes of stirring, 1.6 

so ml of cylopentadienyl vanadium trichloride (CpVCl 3 ) 
(0.005 mmol/ml toluene solution) and 6.4 ml of tripbenyl- 
carbonium tetrakis(pentafluorophenyl)borate 
(PhsCBfCeFsX,) (0.0025 mmol/ml toluene solution) were 
added to lbe mixture in the order as set forth in Table 15. The 

ss mixture was then subjected to polymerization at a tempera- 
ture of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 

60 clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 15 and 16. 

s5 COMPARATIVE EXAMPLE 8 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen were charged 1.0 liter of a solution of 
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Example No. 




Microstructure (%) 


[n] 


Cis Trans 1,2- 


Example 8 






Comparative 


0.83 


87.6 1.1 H.3 


Example 9 






Comparative 


0.98 


873 1.4 11.3 


Example 10 







EXAMPLES 43 TO 50 AND COMPARATIVE 
EXAMPLES 11 TO 14 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184. 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. Subsequently, to the mixture was added 
water as set forth in Table 17. The mixture was then stirred 
for 30 minutes. Hydrogen gas was then introduced into FB 
(solvent+butadiene) in an amount of 130 ml as determined 
at 20° C. and 1 atm. by an integrating mass flow meter. 
Subsequently, triethyl aluminum (1 mmol/ml toluene 
solution) was added to the mixture in an amount as set forth 
in Table 17. The mixture was then stirred for 10 minutes. 
After 10 minutes of stirring, 1.6 ml of cylopentadienyl 
vanadium trichloride (CpVCLJ (0.005 mmol/ml toluene 
solution) and 6.4 ml of triphenylcarbonium tetrakis 
(pentaftuorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ 



EXAMPLES 51 TO 54 AND COMPARATIVE 
EXAMPLE 15 

Into a 1.5 liter autoclave in which the air within had been 
S replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 13-butadiene through a molecular sieve. The material 
was then stirred. Hydrogen gas was then introduced into the 
material in an amount of 130 ml as determined at 20° C. and 
10 1 atm. by an integrating mass flow meter. Subsequently, 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 17. The 
mixture was then stirred for 10 minutes. Water was then 
added to the mixture with stirring in an amount set forth in 
Table 17. After 30 minutes of stirring, 1.6 ml of cylopenta- 
dienyl vanadium trichloride (CpVCl 3 ) (0.005 mmol/ml tolu- 
ene solution) and 6.4 ml of triphenylcarbonium tetrakis 
(pentaHuorophenyl)borate (Ph3CB(C s F 5 ) 4 ) (0. 0025 mmol/ 
ml toluene solution) were added to the mixture in the order 
as set forth in Table 18. The mixture was then subjected to 
polymerization at a temperature of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
25 cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. 

The results of polymerization are set forth in Tables 18 
and 19. 
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TABLE 17 



H,Q (D) 



Example No. 


Added water 
(mg) 


Water 
content in 
FB (ppm) 


mmol 


TEA (C) 
(mmol) 


TEA/HjO (Q/(D) 
(total amount 
in FB) 


Polymeri- 
zation time 
(min.) 


Example 43 


18 


22 


1.22 


1 


0.82 


30 


Example 44 


16 


20 


1.11 


1 


0.90 


30 


Example 45 


14 


18 


1.00 


1 


1.00 


30 


Example 46 


10 


14 


0.78 


1 


1.29 


30 


Example 47 


S 


12 


0.67 


1 


1.50 


30 


Example 48 


36 


40 


2.22 


2 


0.90 


30 


Example 49 


25 


29 


1.61 


2 


1.24 


30 


Example 50 


20 


24 


1.33 


2 


1.50 


30 


Example 51 


16 


20 


1.11 


1 


0.90 


30 


Example 52 


14 


18 


1.00 


1 


1.00 


30 


Example 53 


10 


14 


0.78 


1 


1.29 


30 


Example 54 


8 


12 


0.67 


1 


1.50 


30 


Comparative Example 11 


4 


8 


0.44 


1 


2.25 


30 


Comparative Example 12 


68 


72 


4.00 


2 


0.50 


30 


Comparative Example 13 


10.4 


14.4 


0.80 


2 


250 


30 


Comparative Example 34 


9 


13 


0.72 


2 


2.77 


30 


Comparative Example 15 


3.2 


7.2 


0.40 


1 


2.50 


30 



'Base water content: 4 mg 

55 

ml toluene solution) were added to the mixture in the order 
as set forth in Table 18. The mixture was then subjected to 
polymerization at a temperature of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 60 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. 

65 

The results of polymerization are set forth in Tables 18 
and 19. 



TABLE 18 



Example No. 


Order of addition 


Yield (g) 


Example 43 


(D) - (C) - (A) - (B) 


89 


Example 44 


(D) - (C) - (A) -> (B) 


121 


Example 45 


(D) - (C) - (A) - (B) 


126 


Example 46 


(D) - (C) - (A) - (B) 


107 


Example 47 


(D) - (C) - (A) - (B) 


94 


Example 48 


(D) - (C) - (A) - (B) 


95 


Example 49 


(D) - (C) - (A) (B) 


101 
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3. The process for the preparation of a conjugated diene 
TABLE 21 polymer according to claim 1, wherein said metallocene 

complex of a transition metal of the group V of the Periodic 
table (A) is a compound represented by the following 
general formula: 





Yield 




Microslructure 1%) 


Example No. 


(g) 


In] 


Cis 


Trans 


1> 


Example 55 


77 


2.07 


88.0 


1.3 


10.7 


Example 56 


86 


2.12 


88.0 


1.3 


10.7 


Example 57 


75 


1.98 


88.1 


1.2 


10.7 


Example 58 


34 


2.13 


88.0 


1.3 


10.7 


Example 59 


79 


2.26 


88.0 


1.3 


10.7 


Example 60 


65 


2.03 


88.1 


1.3 


10.7 


Example 61 


78 


2.00 


87.9 


1.3 


10.8 


Example 62 


68 


1.93 


87.9 


1.3 


10.8 


Comparative 


56 


1.86 


87.9 


1.2 


10.9 


Example 16 












Comparative 


53 


1.59 


87.7 


1.4 


10.9 


Example 17 












Comparative 


26 


1.24 


87.9 


1.2 


103 


Example IS 
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RMX. 

wherein R represents a cyclopentadienyl group, a substituted 
10 cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group; M represents a compound of the group V transition 
metal; L represents a Lewis base; and a represents 0, 1 or 2. 

4. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said transition metal 
of the group V of the Periodic table is vanadium. 

5. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said element of the 
groups I to HI of the Periodic table is aluminum. 

As has been mentioned above, the present invention 20 '^ ne P rocess f° r me preparation of a conjugated diene 
provides a process for the production of a conjugated diene polymer according to claim 1, wherein the polymerization of 
polymer having a controlled microstructure at a high poly- a conjugated diene compound is effected in the presence of 
merization activity in the presence of a metallocene type hydrogen. 

complex of compound of transition metal of the group V of 7 - The process for the preparation of a conjugated diene 
the Periodic Table. The present invention also provides a 25 polymer according to claim 1, wherein the polymerization of 
process for the production of a polybutadiene having a a conjugated diene compound is carried out by bulk poly- 
microstructure comprising a high cis-structure having 1,2- merization. 

structure properly incorporated therein and hence little trans- 8. The process for the preparation of a conjugated diene 

structure at a high activity. The present invention further polymer according to claim 1, wherein the polymerization of 
provides a polybutadiene having a microstructure compris- 30 a conjugated diene compound is effected in an aromatic 
ing a high cis-structure having 1,2-structure properly incor- compound as a solvent. 

porated therein and hence little trans-structure and a high 9. The process for the preparation of a conjugated diene 
linearity. polymer according to claim 1, wherein the polymerization of 

While the invention has been described in detail and with a conjugated diene compound is effected in an aliphatic 
reference to specific embodiments thereof, it will be appar- 35 compound as a solvent. 

ent to one skilled in the an that various changes and 10. The process for the preparation of a conjugated diene 
modifications can be made therein without departing from polymer according to claim 1, wherein the polymerization of 
the spirit and scope thereof. a conjugated diene compound is effected in 2-butene as a 

What is claimed is: solvent. 

1. A process for the preparation of a conjugated diene 40 U - ^ P roce ss for the preparation of a conjugated diene 
polymer, which comprises polymerizing a conjugated diene polymer according to claim X, wherein said conjugated 
compound in the presence of a catalyst comprising (A) a diene compound is a conjugated diene compound mainly 
metallocene complex of a transition metal of the group V of composed of butadiene. 

the Periodic Tablet, (B) an ionic compound of a non- 12. The process for the preparation of a conjugated diene 

coordinating anion and a cation, (C) an organic metal 45 P ol ) rmer acc rdin g to cla im 1, wherein said organic metal 
compound of an element of the groups I to III of the Periodic compound of the groups I to III of the Periodic table (Q and 
Table and (D) water, wherein the molar ratio of (C)/(D) is said water ( D ) nave previously been allowed to come in 
from 0.7:1 to 1.5:1. contact with e ch other. 

2. The process for the preparation of a conjugated diene 13 - ^ process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said metallocene 50 P ol y mer a ccording to claim 1, wherein the polymerization is 
complex of a transition metal of the group V of the Periodic preceded by the contact with a catalyst component at a 
table (A) is a compound represented by the following temperature of not higher than 40° C. for 1 to 60 minutes, 
general formula: I 4 - The process for the preparation of a conjugated diene 

polymer according to claim 1, wherein within 30 minutes 
RMXj.l^ 55 after contacting (C) said organic metal compound of the 

groups I to III of the periodic table with (D) said water, other 
wherein R represents a cyclopentadienyl group, a substituted catalyst components are added to the mixture, 
cyclopentadienyl group, an indenyl group, a substituted 15. The process for the preparation of a conjugated diene 
indenyl group, a fluorenyl group or a substituted fluorenyl polymer according to claim 1, wherein the organic metal 
group; M represents a compound of the group V transition 6Q compound is selected from the group consisting of triethyl 
metal; X represents a hydrogen atom, a halogen atom, a aluminum and triisobutyl aluminum. 
Ci-20 hydrocarbon group, an alkoxyl group or an amino 

group; L represents a Lewis base; and a represents 0, 1 or 2. ***** 



